CALON 
Deneve, 
—/988 


Gyre 


IOUT 


3 1761 11892413 3 


Ontario 


EC-88-01 


aeneral Economic Stimulation and Energy 
Indicators for Capital Investment Initiatives 
in Various Transportation Modes 


Ministry Research and 
of Development 
Transportation Branch 


Technical Report Documentation Page 


General Economic Stimulation and Energy 
Indicators for Capital Investment Initiatives 
in Various Transportation Modes 


Authors: B.L. Allen, D.W. Butterfield, M.L. Kliman, A.A. Kubursi, J.D. Welland, McMaster Institute for 
Energy Studies; A. Kazakov, Research and Development Branch 


Number: EC-88-01 


Date of September 1988 
Publication: 


Ministry Alex Kazakov 
Contact: (416) 235-4683 


Abstract: Transport Impact Model is an interactive computer model developed to calculate the economic impact of 
Capital investment in transportation infrastructure. The model is developed for personal computers 
(IBM). TRIM's base is the economic input-output model of Ontario Economy and a database of cost 
allocation for a set of standard transportation expenditure projects. The model is flexible enough to allow 
the modification of standard projects to obtain a better estimate for a specific one. The report presents 
the model and discusses the interpretation of the results obtained from running the model. Examples of 
the application of the model are also presented. 


The model and manuals are available from the Ministry of Transportation, Research and Development 
Branch. 


Comments: | Funding under the Ontario Joint Transportation Research Programme, Project Numbers 26761 and 26762. 
The results were presented at TRB Annual Meeting, 1987; and RTAC Annual Meeting, 1988. 


Key words: | economic modelling, input-output analysis, computer models, transportation expenditure, decision 
making, public decisions 


Distribution: | Not restricted. 


Copyright | Crown copyright © 1988 Ministry of Transportation 
Status: 


EC-88-01 


General Economic Stimulation and Energy 
Indicators for Capital Investment Initiatives 
in Various Transportation Modes 


B.L. Allen 

D.W. Butterfield 
M.L. Kliman 
A.A. Kubursi 
J.D. Welland 


McMaster Institute for Energy Studies 


A. Kazakov 


Highway Innovations and Strategic Research 
Research and Development Branch 


Published by 

The Research and Development Branch 
Ministry of Transportation of Ontario 
Hon. Ed Fulton, Minister 

D.G. Hobbs, Deputy Minister 


Published without prejudice as to the application of the findings. 
Crown copyright reserved; however, this document may be repro- 
duced for non-commercial purposes with attribution to the Ministry. 


For additional copies, contact: 
The Editor, Technical Publications 
Room 320, Central Building 

1201 Wilson Avenue 

Downsview, Ontario 

Canada M3M 1J8 


Telephone: (416) 235-3480 
CNCP Dialcom Electronic Mail: 23:MINO06 


September 1988 


— 


z 


y A 7 7 | : : 
a = Lay ‘se 4 ny - 
a, 7 Po an i 


ee ae 


Bo sghgyee! ea. 
7" YS tale aa oe 
Dog nae ot iy bid! 

ae 


i ya x hah 


i a. vi 
if 7 1 : Fay 4 . i ; ; 
i CaN Ti os ne oie ; 
a : VA . 5 7 7 
: i i u a i" ’ _ 


P| 7 

7 7 uP 

4 7 ‘ j i 7 . | 7 : - 

: / : ae . * i 
in , iat rs : Ps : _ 
aan any 7 

i v : 
i 


ob ne Bret ae wh: 
ivr 


. 


i? 
oe 


a Ct ee 2 a ali — vn : i) 
ae My ‘4 , es a 


hot illlioe Lys ry veers ei? é 


ila: a ie A m Aye 4 wy an 
e » ~*~ a) a ol lar ’ ‘, i é ‘ | of] i - oe ala A a ways 
: ; <A Tule, j } 7 
oth ie (PY : 
in + : (gneen 


eae al a - 


a a? SG : 
. gies 9 eee a aching 


ce : ve 
he } ¥ a 


Table of Contents 


MABIULOCUICHON qecetae retards ro ooe eae cictacscacheccstsvtnievesccscneeueces ixteesecccesstusssrccashaeese toarnascsssineect 1 
ZHECONOMIC IMPaCtS sb aCkG LOUNC mts nes, overs ucic sesh ceeiees ans sitesi cceeerceterenccusesescuctessecsys 3 
Zl aCtnO GOUS AU OCGSSOS et fin nse tat ere ie se Oe Rene et We ines Gg lauel, 3 
ere INDUCOUIDULMOO CSI se creer). cee 5. ahs aut eater eee RR oe Te eM WN ack tae 4 
Crs ALODIOMSEO MAN LOCO el atlOtl eee mee mae eae cs cisyeece so aes tba, oe ces ecard cian caseeosni! oaeten ae: 6 

2 Al Al NOMBOViaunlOCe pose cnet er en tee ea eae Nas UE he eel st getnnion Meeeoss 8 
Sab) DU LAD Al hates tera ceneee ete enti e reg ters. ccceaceitatscccc vores estecessesusscsecvacusteeerssesrincecasernsciscgecesoeeses 9 
se ALI ELOCUICHO I) tpmrer sere ce @ ree Sete Me We sana Pe. sh sce docs eects tones tse niavuseas caoueeensesinneess AS) 
Sao lala UnpprOleCt Grn. iememneeh netic te a 9, oar ce aitae enacts yeti ote ben cenadeemecens eomnivaanes 9 
SEO UP ALGIE eC VCIODINGbariare cs rena teen, Mare ani as enied Jou so5 -sceeeenoaenenudeassnes 14 
4 / SRO SCalNC fireenemeruter acne amet es, WES ie ee ML cs cent eh cct Lead ownteiass Sdcwe ree curate rears ny 

3 OE MURICI Sa IER O ACS ace wear terete Ode Pee Ee dc gs tec ngalnr oie apoisSanciess 18 
Seal ELolectssAteAA a COMGCIOLM AMGMAabROACS: ccs satscicccaceviecccesncaend scons -ccsawstoate toes 19 

3.5.2/ Project A5: Two-Lane Rural Road Reconstruction. ................:seceesecee eee eee eens 20 

3.5.3/ Project A6: Two-Lane Urban Road Reconstruction............. cee ce cence eee eee 21 

30-4 TOlOCISTA vem a MUDICID Ale DB IICGCS sta uuu sete cpe wen. toaseenclssessoenasaeractedsern- 21 

SEG WAI OO LS sa tte ie ieee ee Me i, 0 ee ra tice uc <cvinwatdaiye seigec Sainndutee Seu svgncnsvoes 22 
3.6.1/ Airport Projects B1-B3: Major Runway Upgrades....................cesssescseceeeeneees 25 

3672, Alport. brolectS:B4-BGaNavald UDGrad@Sicr a. .tecccacneccvecr.eenscnscsnscssenaehes so ¥sve's 26 

3.6.3/ Airport Projects B7-B9: Minor Runway Upgrades.......................cscssseeseeeeee 26 
SROl4VAIDOecrOlectStb 1. Olan Di lACCESS HOGOSteresrerscsaeccssssesecnencteemncsessen. 26 

Bese FOVINCIAl AWAY Getceea'. ae etn Poe en ec en n ntee: Sea eee nan ss si ee Mec enc tca cus anres 26 
SAB ArOMEG A baLE ANSI wmace th womae 9. Matra hs Peete ok ers MP SERS siden eos este dst saaeeues harsdonediaaw es 29 
3.8.1/ Provincial Transit Projects D1 and D2: Suburban Parking Lots................ 30 

Se MMUNICI Ala RAMS meceesce renter tees ee cee TeNmeN tote annem ea ends. own cnadan vtec dia gee 30 
Soa Rrorecueta MUNICIDdIsL anSDOnauoln, © ONtl Gee. seasetass-tn ees. --aciesnsstaceec-ote se. 31 
AUDSDCIXes AlsGOswlul alasOmolanGard UNitshlO|CCtS ir .as sce dete a anaes ueceredederdseneconscess 33 
4/ Economic Impacts of Transportation Projects and Programs in Ontario................0. 67 
Ae MIDCIVIOU Al eLOlO CUS te einen a, Oiede  ei h ee Scosche de snc sae Sena ckoameccene<Eeaseeanasi bates 68 
4.1.1/ Municipal Roads: Four-Lane Collector/Arterial Road Reconstruction........... 68 

4p 2uAMDOMS sMialOrUDOLACCLOL dusaoW OMe U WAV goede. ccs ncer see ccssercweeccet seem ensse 70 

4.1.3/ Provincial Highways: Reconstruction of a Two-Lane Paved Road............. he 

4.1.4/ Municipal Transit: Municipal Transportation Centre .00......... cesses eeeeeeeeeeeeeees 74 

B92 eS Cal GEA CI SUIIC | Semaine nen tee eter cee races oh meee te 1h Vatie ww sale widens v4 nawudona ns 76 
AS mOLOOLA MIATA SIG a OMDIlaONS.Ol lalOlCC Siacs es esgsocasedis ses season cnaunarsesnenntaucsescrns- 80 


Ard Be COOrauAUAIVSIS a MINISUVatsUCQOLS ratte es ease ee a sai syd: tc sonensiienlon sevinwstieces oe edene- 80 


ae 


mil « £64 PRT) | boos 6 hee oe are «ey! ed ; 


Pr ee ee oe mae oe eereree 


“27 4 


i Ap ae an de 


<a ; 
eT Ts 


a | 
iw 2 
; ; is ee 
wile a Pape nis oan Wap SEpERAD TRS FETS = 4 a el nem : , a 
: +4 7 4, a , ; ; : 

etter take a) A 
: Pn te _ as ' : 7 

Me : “fi f ’ 
ee a 

As aeet: y = 7 


Wvdead Lie = eo seal a ane Epehs f 7 ; 

Thee umn le A i 
> vere tied ere AP bayer bs 

th agge ripe eet heal potas ie “| ne 7 fi ro 

eg iS ii? CASA 

. Sere it earl -4jatt ey ; f > ae of 

‘atpena ay « + S89 os in i. 

cubriyl! retlett. (et An Oa ata ae 

? nes? gopuGko Gone ae % nr 


ih »-<6 I oath oy ea ~ a 
wide: To hae tG ase suai ara he Yue 


i" book ‘i fi, Mate PS 1 


prirod at naaangty "e .cartild sar amp 


‘ ages Aw igi’ TU AAAs? Cpe Apa 
abet ih ee =f m 


cn NO oa yaya eo ogni naam 


Table of Contents continued 


SE Concluding COmmMmeOntS is. cc-eo-sccyaccsssinsec¥ tates vases eases are eh we ree eed eed ee 84 
Dota eECOIMUMeNGd OMSmeeen teen. ere Scenes tees ett eR Ges ks eileen 7 al 85 
ales Pe SLOMIZIN Geli SIICe ELEM soete-t temeeeehs tree eee ee oP sc wana s cvnnaebedaes 85 

Sle Sy eV aU TALON Ca CAV eee ee ce 9 ene RO cee RT Me Fs ee I oa SR os sh cas bnsids spneeXe. 85 

Osteo AL ODLOVING aM tsa eet sees Ges cone ea et Po) et Ee Bell tae Re 85 

Dries /eUevelOping MelateG, ADDICAt ON Ser cesi tee seston ec sees sx air eecy cag diene onions <a ee 86 

Appendices . 

AizUn Oar LANSDOLUIM DAC GMOGGI sree ceen crete, cotter rato ies cas etae acs sac patastens taenctsadenns 88 
Aa oORVOESION Ol DULStLORLG Loa AIG Semt eeyr  o eeene se tas ono ac oon Serco aps uaest nara aus 88 
Peer Gailculatlonronimpactsuntn 979 .V alueSiceme eres ee eee te eters ere tne eds cere cece ee 89 

A221 iMOdel: DESC Pion inane ee. Cts ca ere ee ee Serene ee Oe nee re o8. 89 
Pecee oLalisiics Canada invut-OUtpUL Data mADIOS ccc ce one cece opie 90 
A.2.3/ The Mathematical Structure of the Input-Output Model..................c eee 94 
ATaMSONV GT SIONIOIE 979 OULDUISHO no OvZOUlDULS tise. .s2.8 ee ods er eeeee ants nar aon, 103 
AraC aleniatiol Ola meray sMmPacl Siercces:: sae ree eaten reece eect nc eee eee aes tence anes 104 
APSEMOdal Data oOUlCe Smt wei eta, Ree ere Ms. os tera neas ven ivan 106 

B/ The Relationship Between TRIM and MIES................cccsccsecseeceecscceceeecesceesenccenseseeeees 110 
Del .UIerancesilnmmtOjeCu INDUU Lalas, nos, cere tet eee ae ee ee 110 
LAL DINCLOMCOS alm DUl-OUlDUImi alae contrat nte ate teen ra tt ced can nana ta cer ated cosa aeons caarees 110 
Boe Differencesiin the: MOdelSermes.:2cterncas. crete ets. ake etree uttered, fee eae: Serene 111 
B:4/-Ditlerence Sin MoGelOulpU Les .aacsexec eee eee aed oem Saceede: coe eamc: aresees- cae a1 

C/TRIM: Standard Unit Projects — Quick Reference Guilde..............cccscseecseeceeeeeeeeeeeeees 113 

Tables 

SLAM OA IDICtL) dla meen mem ene etme r titan ieee enon yc prem eee ease hao auenias kuchescenseeacs «ndseoes(aReck se ava tas 12 

321D/ Sample Data Percentages ia..ct- <<. oe tects etter et OR ees ree crecteestneettosacees 13 

32/mGonstructionmaskS— SUP. AG 2. 5.2. zat stag che eet Have eae. enka eterna». tvs ee eee 15 

3.3/ Distribution of Projected Capital Spending for. 1986-90........... eee eeee 23 

3.4/ Provincial Airport Subsidies — Selected Categories.......... cece ceee eee eee een scenes 24 

4.1/ Municipal Roads: Four-Lane Collector/Arterial Road Reconstruction...................00. 69 

4.2/ Municipal Airports: Major Upgrade of a 3 500 ft Runway.............. ee aA 

4.3/ Provincial Highways: Reconstruction — Paved, Two Lanes................... cee ccee cence sees 73 

AA NMunicibalsl ralisit AMURICIPAalsraNSPOlMalOM COM Cie. sre.cceccsc-ca. 20508 atnsessreceensduseceseree 75 

AS/mMunicipalkRoads:—-ocaling Ilustratlo ne: see cacce eee. es. tease heen ae Sate ees 2 78 

4 6/@ Erovincial highways — OOllar oCaling MIStlAlOM srs... scccnchn cot sas nnas sane santa oi <ereen sme nnias 79 

4.7/ Airpon Redevelopment Program: Multiple Projects... .............ccsesscessvenerscnsscacssecensee 81 

4.8/ Ministry Capital & Construction Program 1985/86: Provincial Highways................. 83 

ADU -OLROUIO aL ast ADICS OUICLULC acters ete ore a ker ees teres. <staccac setae mn voue Besse es 91 


Azim SOULCESNOLCONSIUCHONaNDUtLPHCO INGCXKCS «ccs sstaeecssss scorn scpsse-s een fekee rea maces ene 109 


Digitized by the Internet Archive 
in 2024 with funding from 
University of Toronto 


https://archive.org/details/31/61118924133 


1/ Introduction 


The primary purpose of capital spending by the Ministry of Transportation of Ontario (MTO) is to 
provide new and expanded transportation services for the people of Ontario and to aid in maintain- 
ing the quality of the services already provided. But capital expenditures also have secondary 
effects on Ontario’s economy. They affect income, empioyment and production inside and outside 
the province, they generate tax revenue of various sorts, and they use energy resources. 


Such secondary effects are of interest to both the political authorities who decide how much of the 
government’s budget should be assigned to transportation and the Ministry staff who receive the 
money and allocate it over a broad range of transportation activities. These groups want to know 
what the impacts of each activity within each project are, how this varies with a shift in activity 
emphasis, and to compare economic impacts across quite different projects, even when they are in 
different parts of the transport sector. The report describes the development of a Transport Impact 
Model (TRIM), a comprehensive analytical tool that will provide the Ministry with indicators of the 
secondary effects of its programs. 


The Transport Impact Model is a self-contained user-friendly program that runs on any IBM- 
compatible personal computer. With TRIM, Ministry analysts will be able to calculate impact 
indicators for alternative proposed capital projects in minutes. In the present version of TRIM, 
they may view the impacts of 35 pre-defined typical projects, either individually or in com- 
binations; they may adjust the assumptions made about these typical projects; and they may insert 
their own specially defined projects into the system. 


Our analytical approach is conceptually simple, but it is comprehensive, flexible and rich in detail. 
A given spending project is evaluated in two steps. First, a list of the goods and services that will 
be used in the project is prepared: the dollar values of labour, equipment and materials that go into 
constructing each standardized physical unit of the facility involved. (Up to 20 categories of 
project inputs are involved. The list is provided on the computer disk and described in Chapter 3 
of this report.) This “recipe” forms the input data for TRIM. By entering it into the model one can 
calculate the effects of the project expenditure on a series of variables relating to the Ontario 
economy. These variables provide the information required for the budgetary decisions of 
different management groups: the variables are indicators of economic stimulation and energy use 
associated with Ministry projects. 


Chapter 2 of this report describes the thinking behind the Transport Impact Model, sets out the 
variables that are calculated as indicators of the effects of Ministry capital expenditures and dis- 
cusses their interpretation. Chapter 3 describes how the data that define a simulated project are 
constructed and entered into the model. As already mentioned, TRIM’s database contains data for 
35 typical transportation capital projects; these projects are described in detail in Chapter 3. 


The typical user of TRIM can obtain a general understanding of the nature of the model by reading 
the main text of this report. The reader who wishes a more comprehensive and mathematically 
precise description of TRIM will find it in Appendix A. It includes references to published data 
sources and descriptions of special aspects of the data which determine the parameters of this par- 
ticular model. 


The general user’s understanding of the model can be further enhanced by the discussion in Chap- 
ter 4 of several illustrative runs of the model. The output of TRIM is described for four of the 
typical projects defined in the model’s database. Also in Chapter 4 are some illustrations of how 
TRIM can be used to analyse the impacts of the Ministry’s expenditures in larger categories, such 
as total capital expenditures by modal program. 


Although this initial project has been ambitious, it has not been possible within it to develop our 
analytical approach to its full potential. In Chapter 5 we discuss the potential further development 
of the model and its application. 


2/ Economic Impacts: Background 


This chapter is intended to familiarize the user of TRIM with the ideas underlying the economic 
stimulation and energy indicators calculated by the model. 


2.1/ Tracing Industrial Processes 


The process of production and consumption in a complex economy such as that of Ontario is based 
on an extensive system of relations among individual industries. Few, if any, products are manu- 
factured by one industry operating in isolation. Rather the production process typically is depen- 
dent on a chain of intermediate processors and suppliers that provide the inputs essential for the 
final production of any good or service. 


As a result, when the demand for a good or service rises the producer in turn increases the demand 
for the various materials and services that are used in the production process. Each of the supply- 
ing industries subsequently must increase their demands for materials and services, thereby trans- 
mitting the effects of the original increase in demand throughout the economy. At each stage in this ? 
process there is an accompanying increase in incomes, a portion of which is passed on in the form 
of wages and salaries. This results in an additional demand for consumer products, which itself 


adds to the demand on producers. 


In a modern economy every industry is a part of a chain of this type. However, the extent and 
complexity of the chain varies from industry to industry and from one region to another. Some 
products require a multitude of inputs supplied by a variety of industries, while others can be pro- 
duced more directly from raw materials with relatively little requirement for intermediate goods or 
imports. 


Clearly, the more extensive the linkages between a particular industry and the rest of the economy, 
the greater the impact an increase in demand for that industry’s products will have on employment 
and incomes. Similarly, the consequences of a reduction in demand for the product of an industry 
with extensive linkages are more serious than for a case in which linkages to other industries are 
minor. The identification of the economic impact of an activity is, therefore, an important part of 
the development of policy on employment, economic stability and other desirable socio-economic 
objectives. The identification of the economic impacts provides policy-makers with consistent 
information on the ranking of different activities in terms of an objective set of socio-economic 


indicators. 


This argument obviously applies to decision-makers in a public transportation agency. Such agen- 
cies generally pursue multiple objectives, among them: the provision of transport services; the eco- 
nomic development of regions and urban areas; and the conservation of natural resources. Finan- 
cial, institutional, environmental and other constraints often imply that any one of these goals may 
be realized only at the expense of foregoing others. Tradeoffs have to be made and it is essential 
that public decision-makers have a well defined account of the effects associated with alternative 


choices, measured consistently across programs. 


2.2/ Input-Output Models 


Input-output analysis provides a framework within which industrial linkages, and the feedbacks 
between consumers and the producing sector of the economy, can be simulated. The approach 
involves modelling the economy in a set of linear equations that can be manipulated and solved 
mathematically. Statistics Canada provides an extensive set of data which allows the representation 
of an actual economy within such an input-output framework. Data are available at the level of 
each province (although not in as much detail as for the national economy). Thus, the input-output 
model can be used with data from the Ontario input-output table to trace the linkages described © 
above. 


The present project uses an input-output system to develop a set of economic stimulation and 
energy indicators that show the effects of capital expenditures made by the Ministry of Transporta- 
tion. That is, the indicators in this study have been defined as economic impact variables produced 
by the input-output system. They show the secondary effects of a given expenditure by the 
Ministry. (The primary effects are the actual transportation services produced as a result of 
Ministry spending.) 


There are many types of secondary economic impacts that can be of interest to decision-makers. 
The following impact variables were included in the Transport Impact Model. 


Ontario Impact Indicators Calculated by TRIM 


Labour Income 
Gross Domestic Product (at market prices) 
Employment 
Gross Sales 
Tax Revenue (by level of government & type of tax): 
Personal Income Tax 
Indirect Business Tax 
Customs Duties 
Corporate Profits Tax 
Property & Business Tax 
Total Tax Revenue (Federal & Provincial) 
Imports from other provinces 
Imports from abroad 
Primary Energy Consumed: 
Coal 
Crude Oil 
Natural Gas 
Electricity 
Other 
Total Primary Energy 


For each of the variables shown above, an economic impact is defined as the sum total of changes, 
in all sectors of the economy, associated with a given project or program expenditure — here an 
expenditure on a capital project by the Ministry. These changes are typically broken down into 
initial, indirect, and induced effects and are shown that way in TRIM. 


Initial Effects: The initial effect is the change in the impact variable closely associated with the 
original expenditure itself. For instance, in the case of Gross Sales the initial effect of a transport 
project expenditure is the value of equipment and materials required to construct the facility in- 
volved; or, otherwise put, it is the project expenditure itself less the payments to labour working 


directly on the project and the profit generated directly by the project. 


In the case of Gross Domestic Product (at market prices), GDP, the initial effect is equal to the 
value of materials, equipment, and labour used plus profit and indirect taxes paid. It can also be 
seen to be equal to the original expenditure: i.e. the sum of the input values entered into TRIM in 
the first place. The initial Employment impact variable measures the number of person-years of 
work used directly in project construction. The initial Labour Income is the sum of wages and 
fringe benefits paid to this amount of labour.! 


Indirect Effects: The output of one industry cannot be expanded without drawing on the output 
of other industries. Indirect impacts are those associated with the production of intermediate goods 
and services that enter into the initial inputs. Note that there are many rounds of indirect effects. 
For example, an initial input into highway construction is mineral aggregate. To deliver the 
amount required, the quarry operator uses equipment which consumes fuel. The delivery of the 
extra fuel is part of the indirect effect: it is part of a first round of intermediate goods expenditures 
which follows the initial expenditure. But to deliver the extra fuel, a petroleum wholesaler also has 
to use extra fuel. This is a second round indirect effect. The extra demand for fuel by the gravel 
supplier and the petroleum supplier together creates an extra need for fuel at the refinery, creating a 
third round, and so on. This process continues until the extra increments of production in subse- - 
quent rounds become negligible. 


Induced Effects: As income expands due to the initial and indirect effects, households will 
increase their purchases of goods and services, thereby giving rise to still further changes in 
production and corresponding changes in all of the other impact variables. These multiplier 
effects, that work through changes in household consumption, are referred to as induced effects. 


2.3/ Problems of Interpretation 


Some cautionary notes are in order in regard to the interpretation of impact indicators. First, the 
logic of the input-output calculation assumes that unemployed resources are available to be applied 
to the extra production associated with an increment of expenditure. Thus, extra output and 
employment will accrue in real terms only if the economy is operating with excess capacity and 


1Some contributors to the literature on input-output analysis deal with direct, indirect and induced effects, instead of 
initial, indirect and induced effects.. By “direct effect” they generally mean the effects of the original expenditure plus 
the first “round” of spending on intermediate goods brought about by it. In that framework, the “indirect effect” then 
refers to the second and subsequent rounds of intermediate goods spending. We have chosen to separate out the 
expenditures made directly on the project being analysed, referring to all other expenditures as indirect or induced, 
because we think it will help the user of TRIM to avoid some complex problems of interpretation. At the same 
time, so that those who are familiar with the input-output literature may avoid confusion, the term “direct effect” is 
not used at all. 


unemployment. Otherwise, the consequences of extra demand for output would show themselves 
in higher costs and prices as the new projects displace old activities. Even in an economy with 
some unemployment, but not high levels of it, some of the extra demand may show up in higher 
costs and prices due to bottlenecks in particular industries and input markets. 


Second, one must take care not to misinterpret the benefits to the people of Ontario implied by the 
calculated impacts. Since the impact variables measure things generally viewed as desirable — 
output, employment, etc. — it is common to refer to increments in them as benefits. In this respect 
it is important to remember that what the model is accounting for is the specific increment to 
production associated with a specific increment to expenditure. If that extra production happens to 
use inputs that would have been used elsewhere, there is an opportunity cost incurred that is not 
being accounted for in the model. Even if there are sufficient amounts of unemployed inputs to 
produce the extra product with no apparent cost in terms of reallocated resources, there may still be 
spillover social costs (i.e. pollution, traffic congestion, etc.) and these are not accounted for in the 
model. Special attention should be given to the meaning of the employment impact variable. Many 
new jobs in Ontario may be filled by people from outside the province; while this might have 
desirable consequences (overall Canadian unemployment decreases), it should be understood that it 
will not bring about proportional reductions in Ontario’s unemployment rate. Finally, recall again 
that the model does not measure the value of a project to the primary user (i.e. to the road, airport 
or transit user); it calculates only the secondary benefits brought about by the expenditure, and not 
the primary ones. 


In general, then, TRIM is not providing estimates of the total net benefits of a capital project 
expenditure. Rather, it is providing estimates of changes in a specific range of variables. While 
these changes are properly associated with undertaking the project, they do not tell the whole story. 
It is important for the user of the model to take care to interpret calculated impacts with caution. 
Some illustrations of how the results may be described (assuming a situation in which incremental 


production utilizes previously unemployed resources) are provided in Chapter 4. 


It can be noted as well that the model is normally used to analyse the impact of specific projects. 
The impacts calculated, and the problems of interpretation referred to above, relate to this kind of 
use. The model does not account for the fact that the Ministry has an annual flow of expenditures 
on many different projects, all of them generating income and employment on a regular annual 
basis. In such a broader framework, which would refer to the Ministry’s whole budget, a project 
would have a net impact only if it could be viewed as an addition to this annual base flow of 
expenditures. TRIM can, of course, be a useful aid in such overall budgetary analyses. It can 
supply comparable information on the secondary effects of the expenditure on different social 


programs. In this report, however, the model is treated as a device for analysing specific projects 
or programs, and these projects or programs are pictured as net increments to expenditures. 
Adjustments to the results to account for the possibility that the addition of one project is associated 
with the withdrawal of another are left to the user. 


2.4/ The Formal Model 


A computational device that comprehensively traces the inter-industry processes discussed above 
and calculates the values of numerous variables associated with that process will obviously be quite 
complex. The typical user of TRIM need not be concerned with the formal definition of the model. 
It will be sufficient for the user to understand the nature of the data that must be entered into the 
model (dealt with in Chapter 3) and the interpretation of the results produced by the model 
(discussed above and again in Chapter 4). At the same time, an account of the actual calculations 
should be available to the user who wants to know them. Thus, a complete description of the 
Transport Impact Model, along with a description of the sources of data used to set the model’s 
parameters, is provided in Appendix A. 


3/ Input Data 


3.1/ Introduction 


This chapter is concerned with the nature of the data that describe the Ministry of Transportation’s 
projects to be analysed with the Transport Impact Model. Recall from the discussion in Chapter 2 
that the purpose of TRIM is to calculate the values of economic stimulation and energy indicators 
for capital projects financed by the Ministry. In this report the values of these indicators are 
referred to as economic impacts. 


From the user’s point of view, an important part of TRIM is the set of input data contained in the 
computer program that describes 35 typical transportation projects. For each of the transportation 
modes associated with the Ministry’s five major programs, we have identified a number of typical 
projects. Each typical project is carefully described and is referred to as a standard unit project 
(SUP). The user can call upon any SUP from this database and instruct TRIM to calculate the 
impact indicators requested. 


Each SUP is described in terms of a standardized set of physical input categories. Thus, in addi- 
tion to running any SUP through the model, the user can adjust the values assigned to these input 
categories to emulate better a specific project which may differ from the SUP. Taking that possi- 
bility to its logical end, a user can construct an entirely new set of project input data to simulate the 
impacts of a Ministry expenditure for a facility not covered in the TRIM database. 


It is, therefore, useful to describe how the data on standard unit projects were constructed. This 
will help the user to apply the SUP database to its full potential and to construct unique unit pro- 
jects that have not been included in TRIM. 


3.2/ Standard Unit Projects 


The identification of standard unit projects was set in motion by a series of background discussions 
with members of the Ministry’s Provincial Transportation programs: Airports, Provincial 
Highways, Municipal Roads, Provincial Transit and Municipal Transit. These discussions pro- 
vided, in addition to a broad understanding of the services involved, the names of people involved 
in the construction and operation of particular types of transportation facilities. Meetings held with 
a selection of these people, and others identified independently by the research team, along with 
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consultation with our contact in the Research and Development Branch, led to the identification of 
specific well-defined projects. In some cases these meetings also led to the provision of raw data 
on the standard unit projects so identified. 


With such data in hand, or with merely the qualitative choice of the type of project to be included in 
the database, members of the research team then obtained information from professional engineers 
involved in actual design and construction.? For a given standard unit project this involved first the 
development of a list of tasks required to construct or service the transport facility involved. For 
instance, in the case of a municipal arterial road, this list included: excavation of the existing road 
base; grading and shaping the subbase; covering with granular “A”; granular backfill for soft spot 
excavation; adjustment of manholes, catchbasins and valve chambers; construction of curb drains; 
relocation of utilities; and so on until the full recipe for the unit-section of road was well defined. 


With the help of professional engineers and estimators, the cost for performing each of these tasks 
was obtained and that cost was broken down into the categories of inputs defined by the Ontario 
input-output table. Examples of these categories are wage payments, equipment fuel, non-metallic 
mineral products (i.e. gravel), primary metal products, electrical products, and so on. The result -- 
was a cost data matrix for each standard unit project, with the tasks defining rows and the input 
categories defining the columns. Tables showing these cost data for each standard unit project are 
gathered together in Appendix 3A, attached to this chapter. To illustrate the discussion at this point 
Table 3.1a reproduces the data matrix for standard unit project A6, a stretch of two-lane urban road 
100 metres long. 


When the TRIM program is executed on a microcomputer, the user will choose at the outset 
whether to calculate impact indicators for a standard unit project contained in the TRIM database or 
whether to construct a unique simulated project.3 If an existing SUP is chosen, the user still has 
the option of viewing the table of input costs, in which case a list of cost categories like the one 
shown along the top of Table 3.1a will appear on the screen. (The actual list is longer because 
some SUPs have additional cost categories. For SUP A6, shown in Table 3.1a, the latter cate- 
gories will contain zeroes.) The column total for each cost category is the number entered into the 
TRIM input cost list. Using these cost data, the program will calculate the economic impacts of a 


2The exception in this respect is the set of Provincial Highway projects, the raw data for which were obtained from 
the Ministry’s earlier development of the Micro-Economic Impact Evaluation System. Further details on these data 
are provided later in this chapter in section 3.5 — Provincial Highways. 

3This is true for the “expert ” version of the program. In the “standard” version the user is given no option: only the 
standard-unit-projects can be run. 
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complete reconstruction of a 100 metre section of a typical two-lane urban road, or of any of the 


other SUPs chosen from the menu. 


Suppose that a TRIM user is interested in the economic impacts of a project similar to the one 
shown in Table 3.1a, but one in which the use of certain inputs is judged to be a bigger or smaller 
portion of the total cost than in our SUP. The entry in the cost category list (the column total in the 
table) can be adjusted accordingly and the SUP can be run through the model with the new data. 
The question of how a particular column total should be adjusted can be dealt with more accurately 
(at least in the case of a user who is knowledgeable in relation to the construction of a given trans- 
port facility) by going through each task from the list on the left-hand side of the table, first veri- 
fying or adjusting the cost of that task, and then adjusting the column entry accordingly. 


In a similar way, by filling in an empty matrix with positive values and zeros in appropriate places, 


an entirely new and different project can be defined. 
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3.3/ SUP Data Development 


While all the standard unit projects are described below, it is useful before turning to those 
descriptions to illustrate the derivation of one of the project data sets in more detail.4 SUP A6 is 


again chosen for this illustration. 


Standard unit project A6 involves complete reconstruction of 100 metres of roadway base and 
surface, reconstruction of curb and gutter, and restoration of lawns and driveways. Neither road 
widening nor replacement of sidewalks is assumed to be required. Total pavement width is 8.5 m. 
The base course is 450 mm of granular A, covered by 80 mm of HL-8 hot mix and a surface 
course of 40 mm of HL-3 hot mix. | 


It is assumed that the existing road has storm sewers and catchbasins that are in satisfactory condi- 
tion. Allowance is made for the fact that the typical urban road has intersections with other urban 
roads along its length. Provision for minor utility relocation, and for the restoration of lawns, 
driveways, sidewalks and retaining structures is built into the estimates. Only minor grade 


changes are assumed. 


Table 3.2 is a detailed breakdown of the tasks involved in this job. The total project cost, $44 889, 
is the amount reported at the bottom of the first column in Table 3.1a. This amount is built up 
from the individual tasks listed in Table 3.1a and again in Table 3.2. As shown in the latter table, 
each task involves a number of units of accomplishment. The cost of the task is this number times 
the cost per unit. These raw data were provided by professional contractors and estimators. 


A second way to calculate the total cost of each task is by way of a detailed pricing of the compo- 
nents (administration, labour, equipment, and materials) involved in the task. In this way the total 
cost of a task is built up from the costs of its components. These component costs are required for 
entry into the input-output model. That is, for each project the row of column totals (the bottom 
row in Table 3.1a) provides the data entered into the input-output model. 


Each component of a task can also be expressed as a percentage of the total cost of the task. It is 
convenient to have these percentages because, once calculated for one task, they can be used to 
allocate the total cost of another similar task to its components. The two approaches outlined — the 


4For the convenience of the user, a summary description of the standard unit projects is found in Appendix C at the 
end of this report 
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unit-cost approach and the component approach — may give slightly different cost totals for each 
task. In the TRIM database we have used the cost totals from the first approach as the total project 
cost and used the percentages from the second approach to allocate these to components. 


Table 3.2/ Construction Tasks - SUP A6 


Task Quantity/100 m Unit Cost Total Cost 


1. Earth Excavation 860 m3 $7/m3 $ 6 020 


2. Supply and compact 
Granular A toa 


depth of 450 mm 1 050 tonnes 9/tonne 9 450 
3. Supply and place 

80 mm hot-mix HL-8 170 tonnes 45/tonne 7 650 
4. Supply and place 

40 mm hot-mix HL-3 85 tonnes 45/tonne 4 080 
5. Concrete Curb & 

Gutter 210m 25/m Seu 
6. Repair Driveways 

(Granular A & HL-3) 55 m2 18/m2 990 
7. Spread CaCl, for 

Dust Control 1 tonne 460 460 
8. Adjust existing 

manholes 3 manholes 445/ea 135 
9. Supply & place water 

for compaction 50 m3 5/m3 250 
10. Relocation of 

utilities, miscellaneous 3 549 
CONSTRUCTION TOTAL 39 034 
11. Engineering Design 8% of construction total Sale 
12. Engineering Construction Mgmt. 7% of construction total weelon 
TOTAL PROJECT COST $44 889 


For each of the tasks involved in the reconstruction of the roadway (per 100 m), Table 3.1b shows 
the percentages of total project cost assigned to each task component (i.e. to each input-output 
commodity class). To illustrate the development of the component costs and percentages, consider 
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the first task, which involves the excavation and removal of 860 m3 of earth at an estimated cost of 
$7 per cubic metre. Multiplying these two numbers, the task is priced at $6 020 — this figure was 
characterized by our costing consultants as the average industry price for the job. However, to 
determine the component costs and percentages to be used to assign the $6 020 to the various 
input-output categories, the second approach, which involves pricing the various task components, 
was employed as follows. 


The earth excavation is assumed to take 12 hours to complete. Labour and equipment costs for the 
12-hour job are: 


Labour: Foreman & grade man $44 perhourx 12h $528 
Bulldozer operator $22 per hour x 12h 264 
Backhoe operator $22 per hour x 12h 264 
7 truck drivers 7x $18 per hour x 12h 1596 
Total Labour Cost $2 652 
Equipment: Foreman’s truck SLO/lexel2 ne $120 
Bulldozer $30/h x 12h = 360 
Backhoe 505/N xi) 2a 780 
7 tandem trucks Txt yl ON xe Zhe 1596 
Total Equipment Cost $2 856 


Cost of Administration is set at 11% of labour and equipment cost: 0.11 x $5 508 = $606 


Total cost of earth excavation = Total Labour + Total Equipment + Administration 
= $2 652 + $2 856 + $606 = $6 114 


Since this is very close to the $6 020 calculated by the unit cost method the two numbers are 
viewed as consistent and the $6 114 figure is used to calculate the percentages. 


Labour Percentage = (2 652+ 6 114) x 100 = 43% 
Equipment Percentage = (2 856 + 6 114) x 100 = 47% 
Administration Percentage = (606 + 6 114) x 100 = 10% 
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Each of these percentages is then further broken down into the categories shown in Table 3.1 in the 
following way: 87% of the total labour percentage was assigned to wages and 13% to fringe bene- 
fits; 13% of the total equipment percentage was assigned to fuel, 10% to repairs, 2% to insurance 
and 75% to depreciation; 80% of the administration percentage was assigned to overhead and 20% 
to profit. The percentages in the earth excavation line of Table 3.1b are obtained by applying the 
above percentages to the labour, equipment and administration percentages. When applied to the 
total project cost of $6 020 they generate the dollar values in the first line of Table 3.1a. For other 
tasks various material costs also enter the total cost. Materials are classified according to categories 
defined in the input-output table provided by Statistics Canada and dollar costs and percentages are 
entered in the appropriate columns. 


Data for each of the standard unit projects (with the exception of the Provincial Highway projects) 
were prepared in a similar fashion. 


3.4/ Rescaling 


The use of 100 metres as a standard unit length was viewed as sensible by the specialists who were 
consulted in regard to the development of these data. An obvious question to ask is whether the 
numbers contained in our report and in TRIM can be rescaled to represent multiples of the standard 
unit. They can be, within a set of constraints. For standard unit projects related to road 
reconstruction or rehabilitation, the costs for longer units may be determined by straightforward 
rescaling. A 200 m length costs approximately twice as much, item by item, as a 100 m length. 
However, the numbers should not be rescaled downward in the same fashion. A 50 m length of 
roadway costs more than half as much as a 100 m length, due to the relatively greater proportion of 
fixed set-up costs in the total cost for a shorter distance. Adjustment factors are not available in 
this report for downward rescaling. 


To build wider units of road or runway (i.e. a four-lane municipal road instead of a two-lane road), 
or to increase the size of other types of standard unit projects, care must be taken to sort out those 
tasks that are independent of the scale increase from those that are not. Typically, in the case of a 
roadway, the independent tasks would involve work along the edge of the road (curb and gutter, 
catchbasins and drains, sidewalks, driveway reconstruction, utility relocation). For example, in 
the case of SUP A6 the items to be prorated in going from two lanes to four are excavation, 
granular A, the HL-8 and HL-3 asphalt layers, and the CaCl2 and water for dust control and com- 
paction. Engineering design and engineering construction management are eight and seven percent 
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of the total construction cost, and will thus vary with project width. Curb and gutter, driveway 
repair, adjustment of manholes and relocation of utilities are fixed costs, per 100 m length of 


roadway. 


We turn now to a description of the full list of standard unit projects contained in TRIM. 


3.5/ Municipal Roads 


The Ministry of Transportation provides more than $0.5 billion each year toward provision and 
maintenance of roadway facilities in Ontario. Special provisions for the road needs of northern 
municipalities, development road projects, and the connecting-link program are currently supported 
at about $30 million total annually. The Municipal Roads Maintenance and Construction Program 
(MRP) currently disburses some $550 million. Approximately 80% of this is allocated to basic 
needs, the remainder going to supplementary items such as bridges and equipment. 


The principal MRP allocations cover a wide variety of construction projects, big and small, from 
minor resurfacing jobs to major four- and six-lane urban/rural arterial roads. The range is equally 
wide for supplementary items; in addition to bridges and equipment, subsidies are made available 
for such things as maintenance/storage garages, salt domes, and other primary needs. Despite this 
diversity of program subsidies, it is necessary to define a much narrower range of typical projects 
for inclusion in the TRIM database. Fortunately, since the building of normal roadways is so 
important, it is sensible to limit our consideration at this stage to a few standard examples of urban 
and rural roadway construction. Added to this is a sampling of bridge construction and rehabilita- 
tion appropriate in a municipal context. 
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SUP List A: Municipal Roads 


Six-lane collector/arterial road reconstruction 
Five-lane collector/arterial road reconstruction 
Four-lane collector/arterial road reconstruction 
Two-lane collector/arterial road reconstruction 
Two-lane rural road reconstruction 

Two-lane urban road reconstruction 
Three-span bridge rehabilitation 

Short-span bridge construction (over land) 
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Short-span bridge construction (over water) 
10. Medium-span bridge construction (over land) 
11. Medium-span bridge construction (over water) 


The standard unit projects were defined following discussions with personnel from the Ministry 
and the Regional Municipality of Hamilton-Wentworth, as well as with private consultants and — 
contractors involved in this type of work. Out of this process came the eleven SUPs listed above. 


The prices used in the cost calculations are those expected to prevail in the Hamilton-Wentworth 
Region in 1987, based on regional summary data and engineering experience. Each of the road- 
way projects defined in the TRIM database (SUPs A1-A6) is modelled after an actual project in the 
Hamilton-Wentworth region, modified to reflect generic standards and configurations. 


3.5.1/ Projects Al-A4: Collector/Arterial Roads 


These standard unit projects are modelled after a reconstruction project on Fennell Avenue in 
Hamilton during 1985, with adjustments to eliminate atypical aspects of that particular project. In 
each case, the project is assumed to involve reconstruction of an existing road that has deteriorated 
to such a level that resurfacing or other such remedial work will not provide a satisfactory riding 
surface and/or sufficient roadway life. It is assumed that traffic is maintained on the roadway 
during all construction activities. All lanes are assumed to be 3.5 m in width, with standard con- 
crete curb and gutter, a 1.5 m boulevard and a 1.5 m concrete sidewalk on each side of the road. 
New catchbasin drains are provided, but storm sewers are assumed not to require replacement. 
The roadbed is excavated, subgrade is prepared and subbase is provided to a depth of 600 mm 
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with granular A, covered with 120 mm of HL-5 binder asphalt, and topped with 40 mm of HL-3 
surface asphalt. 


For each project, the roadway length is assumed to be 100 m, although, as noted in section 3.4, 
the cost figures can be rescaled to longer lengths. In each case, it is assumed that some roadway 
widening is required to provide standard lane widths. As a result, new catchbasins are required. 
Intersections with urban roads along the length of the typical arterial/collector road are assumed, 
and an allowance equal to 15% of total construction costs is provided to cover the costs of utility 
relocations necessitated by roadway widening. Finally, it is assumed that only minor grade 
changes will occur. 


Tables Al-A4 in Appendix 3A show the tasks in each project, their associated total costs, and the 
detailed breakdown of each of the total cost figures into component items as required for the input- 
output calculations. 


3.5.2/ Project A5: Two-Lane Rural Road Reconstruction 


This SUP is modelled after construction carried out on Milgrove Sideroad in the Town of 
Flamborough during 1983, again with adjustments for atypical features of that project. It involves 
reconstruction of 100 m of rural road, including minor widening, excavation of existing sections, 
ditching, and surface treatment. Traffic is assumed to be maintained on one lane at all times during 
construction, as would be typical on a rural regional road. The assumed roadway cross-section 
involves two lanes, each of width 3 m, with 1 m shoulders at each edge. The roadbed consists of 
450 mm of Granular A, of which it is assumed that only 15% must be provided in the typical case. 
Minor widening to provide a standard road width is assumed, full ditching to a depth of 1 m is 
provided on both sides for proper drainage, and a cold-mix surface course is machine-laid to a 
depth of 40 mm, followed by a single application of surface treatment. An allowance equal to 10% 
of total construction costs has been included to cover miscellaneous items such as culvert exten- 
sions, new and replacement fencing, provision of barriers, and so on. Table A5 details the tasks, 
their associated total costs, and the breakdown of each total cost figure into its component items as 
required for the input-output calculations. 
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3.5.3/ Project A6: Two-Lane Urban Road Reconstruction 


This is modelled after a roadway reconstruction project on Pleasant Avenue in the Town of Dundas 
in 1986, again with adjustments for atypical features of that project. Because SUP A6 was used 
for the detailed illustration in Section 3.3 above it is not further described here. 


3.5.4/ Projects A7-Al1: Municipal Bridges 


The four typical projects identified for two-lane bridge construction reflect the work required for 
short and medium spans and take account of typical differences encountered when a bridge is built 
across water instead of land. The lists of tasks and associated cost breakdowns in Tables A7-A11 
were prepared in the same manner as previously described, based on the professional opinions of a 
private consulting engineer. Because many assumptions regarding basic configuration and site- 
work were made, rescaling of these projects should involve detailed consideration of project 
components. While the model could be further developed to allow rescaling without reopening the 
basic cost analysis, this would require additional data collection and analyses in order to identify 
appropriate scale factors. 


The rehabilitation project assumes a three-span structure with spans of 7.6, 18.3 and 7.6 m using 
reinforced concrete “T”’ beams. Roadway width is 9.14 m with no sidewalks. The model is based 
on repairs to the McBlain Bridge in Brant County. 


The short-span structure over water (SUP A9) assumes a span of 17.5 m with roadway width of 8 
m (two lanes) with a 1.5 m sidewalk on one side only. Footings are on limestone bedrock. The 
bridge is designed according to OHBDC ’83 for Class C loading. These specifications are based 
on a bridge built at the boundary between the City of Nanticoke and the Town of Simcoe. 


The medium-span bridge over water, based on a project at Pembroke, assumes a three-span con- 
figuration of 27 m, 30 m and 27 m. The roadway width (two lanes) is 9.5 m with no sidewalk. 
The bridge is made of precast girders with a reinforced concrete deck (waterproofed and asphalt 
wearing surface). Footings are short piles bearing on bedrock. Again this bridge is designed 
according to OHBDC ’83 for Class C loading. 


SUPs A8 and A10 are similar structures built over land, differing only in costs associated with 
constructing foundations on land rather than in water. The cost detail on all of the Municipal Road 
projects is contained in Tables Al-A11 in Appendix 3A. 
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3.6/ Airports 


Through its Aviation Office, the Ministry provides technical guidance and financial assistance to 
municipalities in Ontario not served by Federal airports. The Municipal Airport Development 
Program (MADP) assists 46 airports across the province (except in remote areas, where help is 
provided under a different program). It is also expected that at least four new airports will be 
developed within the next five years. 


MADP is essentially a three-phase effort. Phase 1, provision of basic minimum required facilities, 
is nearing completion; phase 2 is underway, providing for safety upgrades and some capacity 
improvements; under phase 3, regular improvements to capacity will be implemented as demand 
warrants and funding enables. Construction and operating subsidies under the program are 
currently about $4.6 million and $0.8 million per year respectively. 


In the context of this project it is the construction subsidy program that is of interest. This program 
“*... is intended to facilitate development of the Province-wide municipal airport system by provid- 
ing financial assistance to municipalities for the implementation of airport-related facilities including - 
the purchase of required property.” The program “... covers almost all the facilities, equipment 
and other necessities for constructing, modifying or expanding a municipal airport .... > Table 3.3 
shows the expenditures projected for the period 1986-90 in the DelCan report. Table 3.4, which 
extracts the items upon which most of the expenditure will be made, is helpful in regard to identi- 
fying areas in which standard unit projects are required. 


About 72% of projected expenditure on Ontario municipal airports is expected to be applied to the 
provision of air-side pavements. This suggests that airport pavements should be an important 
component of our SUP database in the aviation sector. As indicated in the SUP list B, we have 
also accounted for navigation aids (Navaid) and access roads. 


A basic minimal airport facility is defined as one having up to 3 500 feet of runway, with up to 80 
OOO square feet of apron space. Some municipal facilities require more or less pavement than this 
and subsidies to build them vary widely. Note also that municipal airport projects subsidized 
under MADP are very often improvements of existing airports, rather than construction of entirely 


new ones. 


5DelCan, Evaluation of the Municipal Airport Development Program. Toronto, Ontario, 1986. 
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Table 3.3/ Distribution of Projected Capital Spending for 1986-90 


! | t { ‘ TOTAL 1 
ELIGI@LE PROJECTS =| 1906 | 1907 ! : SUD-TOTALS ¢ PROJECTED | 
eeIcEs Ca suesiey =| CT.E.C sussioy —t T.E.C. Sussioy {| EXPEMDITURES | BISTe 
aaa aaa aa {i} tSSOScrS Serre ‘ Fp I ETS {| s=ssenesqe== i— 
H ! ‘ i ! ‘ ‘ ‘ 
STUDIES ‘ ‘ ‘ ! ‘ H ! $170,000 | 6.4 
Role / Meeds Study | 60 of $0 10; 60 0} 40 0 3 $0 $0 | $0 6 5 ‘ 
Bite / Raster Plan { $155,000 $117,500 | $15, 000 09,000 $0 6; UC) so | i") $O { «6170,000 = 8126, S00: ‘ 
RUMMAY / VISUAL AIDS | H ! H ‘ H $ 675,486,100 | 59.6 
(3,500 ft./ Vis. Aide $ $4,296,300 63,327,600 1 62,779,200 $2,023,500 ! $2,573,600 61,978,900 |} 61,768,000 $1,343,000 : 62,215,600 $1,757,500 | 613,633,500 $16,430,300 | H 
14,300 (t./ Vis.Alds ¢ $1,379,900 $700,000 | $3,065,700 $1,763,000 | $1,970,000 $1,180,000 : $527,500 $368,000 | 639, S00 40 | $7,002,600 $4,012,600 3 ~ : 
Secondary Ruavay | ” 6 | $0 #0 1 400,000 $200,000 1 = $100,000 = $50,000 | $3,100,000 $1,650,000 {$ 83,600,000 61,900,000 : : 
Lil. Appr. Lights = § 0 #0 $ $1,110,000 $5,000; $0 0 | +0 40 | 40 #0 | $1,110,000 $5,000 ; 4 
WT. Appr. Lights : $0 0 | 0 $0 ; $0 $0 ; 0 $0 } 40 0: $0 wo: ' 
Heliport : $0 60! rY.) 0 5 $0 $0 } $20,000 $10,000 | = $120,000 =: $90,000; «= 140,000 $100,000: : 
APRON ‘ ‘ H H H : {+ $3,033,400 | 7.0 
( 00,000 sq.ft. $ $56,000 $44,800: = 684,900 867,900: 60 $0 } $170,000 $136,000 : $90,000» $72,000 ; «=: $400, 900 8.320, 700: : 
> 00,000 e4. ft. : $14,000 $7,000 | 320,000 $160,000 { $300,000 $150,000 ; $0 wo: 40 $0 $ $634,000 $317,000 ; : 
Tie-town Area + $11,500 $6,200 : $57,000 $28,500 { = $855,000 $678,000: $135,000 $67,500: $940,000 $728,000: $1,998,500 $1,508,200 ; ‘ 
Hoa -pud | ic ‘ $0 0; $0 $0 | $0 $0 | $0 0 3 $0 $0 ; $0 $0: ‘ 
TAITWAYS : ‘ ; f ; : $ $2,630,000 : 6.1 
Tera. Apron / Runway | $76, 500 $61,200 : $56, 500 $45,200 | $0 $0 } $60,000 $48,000 ; $0 $0 : $193,000 $154,400 ‘ 
Parallel ! 485, 000 442,500 1 210,000 = $105,000 { $820,000 $410,000 | 917,000 $458,500: —- $200,000» $100,000: $2,232,000 61,116,000 | H 
To GA Area ‘ $15, 000 $7,500 : $40, 000 $20,000 $100, 000 $30,000 | $30,000 $75,000 : $0 $0 5 $205, 000 $102,500 : H 
Woa-publ ic ‘ $0 0 3 $0  : $0 $0 : $0 40 3 $0 to: 40 6 : 
ROADS ! H H : ‘ H : $948,700 : 2.2 
Entrance to Teraiaal | $31,600 $25,300 { $208,300 6166,600 | $80, 000 $64,000 $50,000 $40,000 ; oo) $0 $ $369,900 $295,900 | H 
To &A Area ‘ $28, 000 $14,000 | $48, 000 $24,000 } $0 oo } $0 Cn $0 $0 3 $76, 000 $38,000 | H 
Airport Service Road ; $0 $0 } $100,000 $50,000 | $0 60 ; $0 60 | = $175,000 $87,500 { $275,000 $137,500 ¢ : 
Woa-public ‘ $0 $0 5 $0 $0 3 $0 $0 ; 0 $0 5 $0 60 3 +9 6 : ; 
ATO Parking H $17,800 $13,300 } 40 $0 | $50, 000 $75,000 ¢ $160, 000 $88,000 | $0 so 3 $227,800 $126,300 : ‘ 
TERAIMAL BUILDING =; H : ‘ H ‘ + $1,909,500 5 4.4 
Public/Naiat. areas $74,500 $59,600 | $503,000 $402,400 | $1,100,000 $780,000 : $200,000 $160,000 : $10,000 $8,000 : 61,687,500 $1,410,000 ¢ : 
Ordra/Lease/Baggage $22, 000 $17,000 ; $0 #0: $0 oo ; 10 $o ; $0 to 3 $22, 000 $17,000 ; ‘ 
Woa-public fursiture } $0 $0; $0 0 : $0 0 ; $0 0; $0 to |; $0 so: ‘ 
AAINTENAMCE GARAGE =; ‘ ‘ ‘ ‘ ‘ ‘ $940,000 : 2.2 
Veh. areal, G00sq.ft. | $150,000 $100,000: = $240,000 = 156,000 : $260,000 $208,000; «= $190, 000» 152,000: $0 $0 : $840,000 $616,000 : : 
Veh.area)i,600sq.ft. | $0 $0 | $0 6 ; $0 oo i 40 $0: $100, 000 $50,000 : $100,000 $50,000 | : 
Off. ,luachra, showers : bt) to | Ma so ; A) $0 ¢ ia) $0 5 40 $0 | $0 $9 3 ‘ 
Faraiture, hand tools | $9 $0 3 $0 $0 3 $0 $0: 0 $0 | $0 so | $0  : ‘ 
& portable equipeeat | ‘ H : ‘ ‘ ‘ : 
MOBILE EQUIPRENT : : ‘ ‘ ‘ H Hy $85,000 : 0.2 
Equig. Aquisition ; 40 0: $55, 000 $44,000 | $0 60; 0 40 $30, 000 $24,000 ; $85, 000 $68,000 | : 
Parts Procureeent H $0 $0 3 a) $0 | $0 $0 5 A) $0 | $0 so | $0 6 5 H 
QUILDINGS / LOT DEV. | H ‘ H ‘ ‘ : $375,000 : 0.9 
Nangars 4 $56, 000 10} $0 0 | 40 0 | $80,000 $40,000 | $0 60 } $126,000 $40,000: p 
Lease Lots ‘ $85, 000 $30,000 | 40 $0 ; $100,000 $50,000 | $0 60 : $54,000 40 ¢ $239, 000 $80,000 : : 
AVIATION FUEL INSTAL.$ $395,000 $316,000 : $159,000 $127,200 : $100,000 $80,000 : $150,000 $120,000 : 40 $0 { $804,000 $643,200 ; $804,000 : 1.9 
SERVICES H H ‘ ‘ : : ‘ $136,500 | 0.3 
To terainal/gar.area | 453, 500 $44,400 | $0 0 J $0 0 3 $0 so 3 $0 oO | $55, 500 $44,400 | ‘ 
To GA Area 1 $41,000 = $20,500 $= 810, 000 $5,000 1 630,000 615,000 : 16 60: $0 40 3 $81,000 $40,500: ; 
FEMCING H : ‘ { i ‘ H $106,200 + 0.2 
Terainal area ' $17, 100 412,700 | rT.) 0 1 ry.) 0 4 40 10 | 40 10: $17,100 613,700: H 
Other Public areas | 444, 100 $27,200 1 $45,000 422,300 1 60 10 10 to | 40 $0 3 $89, 100 $49,700; ' 
Private use areas H $0 40 | 40 0 1 40 0; $0 $0 3 $0 $0 | 60 $0 ; : 
LAND H ‘ H ‘ ‘ ‘ + $4,447,800 ¢ 10.3 
Main Runway (S000 ft | $4,422,800 $3,133,800 | 10 40 5 $0 0 3 40 $0: $0 $0 | $4,422,800 $3,133,800 { ‘ 
Secondary Ruavays i $75, 000 $20,000 } $0 #0 | $0 0 40 vo; 40 0 $75, 000 $20,000 ; ‘ 
Tera.area & access «di $0 0 : ce) 0 3 $0 40; $0 $0 10 to: $0 0 ‘ 
OBSTRUCTION IOMING | ‘ ‘ ‘ H H ‘ $15,000 : 0.0 
Prep.ht.liaits/8y-Lawi $15, 000 $12,000 | $0 $0 3 $0 0 | 40 | $0 so; $15,000 $12,000 | : 
Prep. W.E.F, contours } $0 0 3 $0 40 5 40 $0 3 $0 $0 | 40 $0 3 40 so | ‘ 
Heariags/lapl. By-laws: A] 0 } 60 $0 | 60 0 3 $0 $0 | $0 0 40 $0 ; : 
‘ H ‘ : ‘ : ‘ ‘ 
WAVATOS ! $27,700 $12,000 3 i) $o | $0 : $2,000,000 $800,000 | $35, 000 $0 | $2,062,700 $812,000 : 62,062,700 + 4.8 
UNICOM RADIO ‘ $9,600 47,700 4 40 0 3 0! $0 60 3 $2,000 1,600 3 $11,600 $9,300 | $11,600 : 0.0 
RET EQUIPRENT H 60 $0; $10,000 $8,000 ; $0 5 $0 $0 5 $0 $0; $10,000 $8,000 | $10,000 | 06.0 
MOBILE RADIOS ‘ $0 $0 | $0 $0 3 $0 to 3 $0 0: $0 $0: $0 $0: 0 : «6.0 
TOTALS { 611,606,900 $6,180,800 { $9,116,600 $5,733,400 { $6,738,600 $5,868,900 : $6,578,300 $3,906,000 : $7,131,100 $4,568,600 { 643,171,500 $27,758,500 : $43,001,500 : 99.6 


T.£.C. refers to total estimated cost 
Source: DelCan Report 
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Table 3.4 


Provincial Airport Subsidies — Selected Categories 


Facility % of Total Cumulative % 
runways/visual aids 59.0 59.0 
aprons 7.0 66.0 
taxiways Gal 1255) 
terminals 4.4 76.5 
navaids 4.8 81.3 
maintenance garages 22 $385 
roads Dae 85.7 


To cover the range of small-medium-large, the standard projects considered were assumed to have 
runways of 2 000 ft, 3 500 ft, and 5 000 ft, as shown in SUP List B below. Projects of three . 
types have been included for each of these lengths: a major runway upgrade, a minor upgrade and 
an upgrade involving only the improvement of navigation aids. Again, the numbers used corre- 
spond to those in the TRIM computer program. 


Discussions with personnel at DelCan, an important supplier of expertise in airport design, 
informed us of a project currently in progress which is representative of municipal airport projects 
in southern Ontario: the proposed upgrading of Stratford Municipal Airport. Pre-tender estimates 
for that project were provided by DelCan. Using these data as a starting point, each component of 
the work was scaled to represent a corresponding proportion of work required for a typical 1 000 


metre runway. 
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SUP List B: Aviation 


Major upgrade of a 2 000 ft runway 
Major upgrade of a 3 500 ft runway 
Major upgrade of a 5 000 ft runway 
Navaid upgrade of a 2 000 ft runway 
Navaid upgrade of a 3 500 ft runway 
Navaid upgrade of a 5 000 ft runway 
Minor upgrade of a 2 000 ft runway 
Minor upgrade of a 3 500 ft runway 


OT OSs oO) Cn us BOT ee 


. Minor upgrade of a 5 000 ft runway 
10. Airport access road, 200 metres long 
11. Airport access road, 500 metres long 


The nine SUPs involving Tunways were then based on these estimates, taking account of certain 
fixed components in each project that do not depend on runway length.® For that reason, costs and 
economic impacts for the three different Tunway lengths do not vary proportionally with the length 
of the runway. 


For all eleven standard unit projects the input prices assumed were those projected to prevail in the 
Hamilton-Wentworth region in 1987. Adjustments to reflect different prices in other areas of the 
Province could be derived from data available from the Ministry estimating office. 


3.6.1/ Airport Projects B1-B3: Major Runway Upgrades 


A major upgrade covers approximately 77% of the total budgeted items for eligible projects as 
listed in Table 3.3. The projects involve: complete rebuilding of the runways and taxiways; 
drainage; new fencing and landscaping (including tree planting); complete electrical, lighting, and 
navaid upgrading; installation of meteorological equipment; refurbishing of the air terminal build- 
ing; new fuel tanks; and connections to external power sources. Runways are the standard 30 
metre width. 


eee 
®Runway lengths and related measures are presented in Imperial units because, from the DelCan report and other 
sources, that appears to be the conventional way to express them. On the other hand, our engineering cost data were 
prepared in Metric units. An exact conversion factor was applied. 
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3.6.2/ Airport Projects B4-B6: Navaid Upgrades 


This type of improvement of an existing facility presupposes the existence of a serviceable runway, 
but one that is in need of new wiring, lighting, visual and instrument landing systems, and meteo- 
rological equipment. Trenching for cable installation and connection to external power sources are 
also included. 


3.6.3/ Airport Projects B7-B9: Minor Runway Upgrades 


A minor runway upgrade (SUPs B7-B9) presupposes the existence of an existing runway in 
reasonable condition (i.e. not in need of complete reconstruction), but one that may be narrower or 
shorter than is warranted by the type of traffic the airport handles. This type of project does not 
involve any new facilities, but could involve some widening or lengthening of an existing runway. 
The runway is resurfaced; new subdrains and seeding and mulching of the periphery are provided. 


3.6.4/ Airport Projects B10 and B11: Access Roads 


The last two typical projects (SUPs B10 and B11) involve the construction or rebuilding of access 
roads to the air terminal. Both are built to the same construction standard, but are of different 
lengths. The projects are identical except in length to SUP AS, the two-lane rural road discussed 
previously under Municipal Roads. Briefly, it involves a complete rebuild of an existing road to a 
three-metre lane width. Included are minor widening, excavation and the repair of existing 


sections, ditching, and surface treatment. 


A detailed listing of the construction activities, with associated breakdowns of total cost by task, 
are shown for the eleven standard unit airport projects in Tables B1-B11 in Appendix 3A. 


3.7/ Provincial Highways 


The Provincial Highways program differs from the Municipal Roads and other programs in that the 
Ministry initiates projects, grants contracts directly, supplies some materials and supervises the 
projects. For this reason, detailed project information is available within the Ministry. In fact, 
input data similar to those required by TRIM had already been collected and organized according to 
input-output system requirements for use in an earlier impact model for Provincial Highway 
projects. This set of data, put together for the Micro-Economic Impact Evaluation System (MIES), 
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was based on a representative sample of ten types of projects.’ It has been adapted for use with 
TRIM. The projects included are listed below. Because the original definition of these projects, 
and the development of data for them, was done within the Ministry, our description of them is 
brief, focusing mainly on the adaptation of the data so they will be consistent with the TRIM 
database. 


Sup List C: Provincial Highways 


New construction — unpaved, two lanes 

New construction — paved, four lanes 

Reconstruction — paved, two lanes 

Reconstruction — paved (with rock), two lanes 

Resurfacing, two lanes 

Resurfacing with recycled hot mix (less than four inches), two lanes 
Post-tensioned concrete structure (cast in place) 

Bridge deck — latex modified concrete overlay 
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Bridge deck repairs — latex patching with asphalt overlay 
10. Major widening (no structures) 


SUPs C1-C6 and C10 refer to a unit of highway 1 km long. SUPs C7-C9 refer to 1 m2. 


The data for each of the above SUPs was based on a sample of eight to ten projects drawn from 
around the province during the 1981/82 fiscal year. The data were expressed as fractions of the $1 
million spent on each project, as opposed to being based on a unit length or size as was done with 
the other SUPs. In order to express projects in terms of physical units, information was taken 
from the Cost Per Mile of Highway Construction (April 1982) prepared by the Estimating Office of 
the Ministry, in consultation with Ministry Personnel. The Ministry also provided information on 
bridge deck construction and repair. Project input data was then scaled to a per-kilometre or per- 


square-metre basis. 


7Publications describing MIES, an OJT & CRP project completed in 1982, are available from the Research and 
Development Branch, MTO. 

8 brief discussion of the similarities and differences between MIES and TRIM is found in Appendix B at the end of 
this report. 
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A second adjustment to the data was necessary in order to change input costs in 1981/82 values to 
1986/87 values. This adjustment was based on the price indexes for construction inputs which are 
used as a part of the model (and described in Appendix A). Whenever they were available, price 
indexes for particular commodities were used. For example, a price index for calcium chloride 
was based on unit price data supplied by the Ministry, as was an index for construction equipment 
rental. All materials, labour, fuel and equipment costs were inflated to 1986/87 values and then 
“grossed-up” to allow for 10% overhead and 5% profit, as assumed in the original MIES data. 


Equipment costs were a matter of special concern since they included a composite “‘Cost-Own’’ 
item which contains insurance, storage, license and interest costs. This item was broken down 


using information provided by the Estimating Office. This breakdown is shown below. 


Allocation of Equipment “Cost-Own” 
as a Percentage of the Total 


Item On-Road Off-Road 
Interest 42.5 70.0 
Insurance hoy 10.0 
License 175 15.0 
Storage Pere 5.0 
Total 100.0 100.0 


The cost breakdown for each Provincial Highway SUP, expressed in 1986/87 values, is shown in 
Appendix 3A. Because SUP costs were not broken down by task in MIES, only the total cost for 
each product or service category is given. Thus SUPs C1-C10 are combined into one Table. 


The cost shares shown for SUPs C1-C10 differ from those in the original MIES data because 
relative prices of the various inputs have changed since 1981. For instance, the price of asphalt 
and fuel was almost constant over the 1981-86 period, while other input prices have been nising. 


Finally, we should note that the item “Overhead” does not correspond to any single commodity in 
the input-output system. This item was broken down into input-output commodities according to 


the proportions of overhead commodities, such as office, business services, etc., used by the 
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construction industry in Ontario (as reported in the input-output data). The proportions used are 
shown below. 


Allocation of Overhead 


Commodity % of Total 
Communications Services ode 
Utilities 0.8 
Insurance 15.9 
Business Services 40.0 
Personal Services ro°5 
Operating, Office, etc. Wed 
Travel, Advertising ai) 
Total 100.0 


This allocation was also used for input data from other Ministry programs. 


3.8/ Provincial Transit 


The Ministry of Transportation commits very extensive financial resources to public ground 
transportation services in the Toronto region. In the 1985-86 fiscal year, capital and construction 
spending in the Provincial Transit Program were $18.4 million (not counting expenditures on GO- 
ALRT). With capital programs directed to improving existing services on GO Transit and to 
expanding the whole system, there is a wide range of possible standard unit projects that could be 
built into TRIM. The building of terminal structures, parking lots at commuter stations, bus and 
train maintenance facilities, the purchasing or rebuilding of locomotives, the provision of dedicated 
track and numerous other aspects of improving or expanding service could be modelled. 


In this phase of the development of TRIM our research team decided to limit its consideration of 
provincial transit facilities to peripheral services (parking lot facilities for commuters), rather than 
attempting to deal with the large central infrastructure of the provincial transit service (i.e. the bus 
and train service itself). Data collection in this area is somewhat complicated due to the varied 
types of capital involved and the complex pattern of responsibilities that exists; for example, GO 


buys some of its capital services from the railways. After responding to the initial version of 
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TRIM, Ministry personnel may wish to decide whether additional standard unit projects should be 
defined to represent GO Transit; the project team would be willing to respond to such a request. 


3.8.1/ Provincial Transit Projects D1 and D2: Suburban Parking Lots 


SUP D1 is a suburban parking lot built for 200 vehicles. It is assumed to have a 75 mm asphalt 
coating, full drainage, curbing and full illumination. SUP D2 is a more limited parking facility 
built to hold 100 cars. It has a 50 mm asphalt coating, no curbs, no drainage (except some ditch- 
ing, included in the “Miscellaneous” task in Table D2) and minimal illumination, consisting of one 
luminaire at the lot entrance. 


The cost breakdowns for these parking lots shown in Tables D1 and D2 were derived from infor- 
mation available in the Municipal Roads data set. Consistent with requirements for input-output 
analysis, land cost was not included. 


3.9 Municipal Transit 


Extensive subsidies are provided by Ministry to aid Ontario cities in their efforts to provide high 
quality urban passenger transportation. In the 1985-86 fiscal year capital and construction expen- 
ditures under the Municipal Transit Program amounted to $207.7 million. A wide variety of capital 
equipment and infrastructure is financed through these subsidies. 


A key aspect of deciding what projects are important in the urban transit area is to recognize that 
rapid transit facilities and normal bus transit services are best considered separately. If one merely 
looks at the breakdown of total Ministry expenditures, subsidies for rapid transit (so far undertaken 
only in Toronto and Ottawa) will dominate. Yet expenditures on normal bus systems, while 
smaller, are enormously important in all urban areas, and especially in cities without rapid transit 
systems. For this reason we have approached the two parts of Municipal Transit separately. 


In relation to normal surface transit, SUP E1 is a complex service and administration facility for 
transit buses. It is described below. In relation to rapid transit, preliminary data that will ulti- 
mately allow the preparation of standard unit projects in the subway area are to be provided to us 
by officials in the Construction Department of the Toronto Transit Commission. The extent of this 
information is not known at the time of preparation of this report. We expect at minimum, 


however, to define two central standard unit projects: a unit of subway construction and an under- 
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ground station, both built by the cut-and-cover method. Since such structures are so complex, it 
may be useful to subdivide these two projects into a number of typical projects, thus allowing for 


more variation in system specifications. 
3.9.1/ Project El: Municipal Transportation Centre 


SUP E1 was developed through discussions with an architectural firm experienced in designing 
service buildings for urban transit systems. Their cost consultant was retained to provide the 
recipe and cost breakdown for a transportation centre of the type currently being tendered in 
Hamilton. The total cost of the facility is $18.4 million, or $56 per square metre. 


The facility consists of three parts: (i) an administration and office building, with two floors, each 
of 2 540 m2, and a basement of 630 m2; (ii) a bus storage area housing 150 buses with a floor area 
of 10 550 m2; and (iii) a fully-equipped maintenance area of 11 700 m2. Lunch rooms and clerical 
offices are provided in the storage and maintenance areas. 


Architects normally develop cost estimates in categories defined by the construction trades con- 
tracted to carry out the work. For this reason Table El in Appendix 3A shows costs broken down 
by trade, rather than by task as in the other SUPs. 


The first heading, General Allowance, covers hardware, contingencies, and inspection. General 
Requirements includes project coordination and layout, surveying, full bonding (100% plus labour 
and materials), building permits and surveying, and liability insurance, as well as all temporary on- 
site facilities. 


Sitework includes excavation, hauling, trenching, drainage, fencing, landscaping, curbing and 
paving. Concrete and Masonry work are itemized separately, as are Metals, including structural 
steel, and Carpentry. Insulation, water proofing, siding and roofing are the major components of 
the item labelled Thermal and Moisture Proofing. Windows and Doors constitute a separate cate- 


gory. 


Finishes include drywall, tile, ceiling panels, flooring, carpeting and painting. Specialities include 
signs and symbols, wardrobe lockers, shelving, toilet accessories and compartments, telephone 
enclosures, and even a flag pole. Equipment includes hydraulic hoists, a crane and mono rail, a 
paint spray booth, bus washing equipment, a brake drum lathe and numerous other items. 
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There is provision under the heading Conveying Systems for a passenger elevator, hoists, mono 
rails and jib cranes. The Mechanical item accounts for plumbing, including fire protection, oil 
storage tanks, heating and cooling, an air handling unit and precision controls. Under the heading 
Electrical, the data account for services, distribution, lighting, communication systems, alarm and 


detection equipment, and a snow-melting heater. 
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Appendix 3A 


Cost Data for 
Standard Unit Projects 
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4/ Economic Impacts of Transportation Projects 
and Programs in Ontario 


This chapter is intended to illustrate the use of TRIM for the analysis of projects and programs. As 
discussed in Chapter 2, such analysis focuses on the economic impacts of a project or program 
initiative on the total Ontario economy. It takes account of inter-industry demands and feedbacks 
and of the effect on consumer spending. 


The analysis will show that expenditures by MTO on Municipal Roads, Airports, Provincial 
Highways and Municipal and Provincial Transit generate significant income and employment 
effects in Ontario. It will also show the relative impacts of the various projects. This is of interest 
because one wants to know the comparative efficiency of different projects, as alternative con- 
tenders for government expenditures, in terms of their effects on output, jobs, tax revenue and 
energy conservation. If competing projects can satisfy primary needs with equal effectiveness, 
differential secondary impacts can enter the project selection decision. 


The illustrations will also show that MTO projects involve substantial amounts of energy use and | 
that dependence on oil is large. Because Ontario depends so strongly on energy brought in from 
outside its borders there is a special interest in monitoring its use. While taking account of it for 
Capital projects is not considered very important under present energy market conditions, energy 
shortages and rising prices will undoubtedly recur. Having the capability to compare capital pro- 
jects in terms of energy use is, therefore, still very important. 


As with the other impacts, the analysis that follows suggests only very briefly how energy ac- 
counting can be brought to bear on MTO planning. Because development of the computer model 
and the data contained in it required so much effort, the scope of this report is somewhat limited: a 
full exposition of how TRIM’s impact indicators can be used was not possible. Presumably the 
Ministry will be interested in exploring its potential more fully at the implementation stage and 
beyond. For the moment what follows in this chapter presents an introductory picture of the inter- 
pretation of impact indicators. 


Four different types of illustrations are set out: 

1) Four individual standard unit projects are analysed. 

2) The scale of a standard unit project is adjusted. Ilustrative projects are scaled upwards 
by choosing a larger physical size and allowing the dollar value to adjust proportionally, 
and by choosing a dollar expenditure level, allowing the number of project units to increase. 
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3) Anexpenditure program involving a group of scaled projects is illustrated. 
4) An illustration of how MTO’s annual program expenditures can be analysed with TRIM is 


presented. 


To understand the nature of the illustrations the reader may wish to refer back to the project 
descriptions in Chapter 3 and, especially, to the cost tables in Appendix 3A. 


It is important to remember that all of the illustrations that follow are constructed by applying the 
basic assumptions of input-output analysis. This means, among other things, that the illustrations 
assume a sufficient amount of unemployed resources in Ontario, and in import-supplying indus- 
tries outside of Ontario, to produce all of the extra output generated by the simulated projects. 
They also assume that the projects are small enough not to bring about any changes in the input- 
output structure of the economy. Recall as well that the underlying data are based on the structure 
of the economy as it was in 1979. All values are, however, adjusted to reflect price changes 
between 1979 and the present. 


4.1/ Individual Projects 
4.1.1/ Municipal Roads: Four-Lane Collector/Arterial Road Reconstruction 


The TRIM print-out for Municipal Roads SUP A3 is shown in Table 4.1. An initial expenditure of 
$137 600 to reconstruct 100 m of a four-lane arterial municipal road generates a total increment to 
Ontario income (GDP) of $192 400 when the indirect and induced effects are added on. This can 
be described as a multiplier effect of 1.40. The employment multiplier is significantly higher than 
the income multiplier; 1.5 initial direct jobs are magnified into 5.1 jobs when the total impact of the 
project expenditures is tallied. The sectors that produce inputs for municipal road construction (the 
Indirect impact) and the consumer goods purchased with income generated by the project (the 
Induced impact) are more labour intensive than the road construction sector itself.9 


9Readers familiar with National Accounting may find it odd to observe that, in the Indirect and Induced column, 
Labour Income is greater than GDP. This is a result of aggregating Indirect and Induced impacts. The Indirect 
expenditures are on intermediate goods; since the amounts shown for Gross Domestic Product can be measured as 
expenditures on final products, these intermediate goods do not contribute to the top entry in the second column 
(their value is included in the top entry of the first column). The intermediate goods do, however, generate Gross 
Sales and Labour Income. Thus the GDP in the second column is due only to the Induced Expenditure, while 
Labour Income is the sum of income generated by both the Indirect and the Induced Expenditure. 
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Table 4.1/ Municipal Roads: Four-Lane Collector/Arterial Road Reconstruction 


Provincial Impact 


(dollars) 
Indirect & 
Initial Induced Total 
Gross Domestic Product 137 647 545/13 192 360 
Gross Sales 93 409 180 287 273 696 
Labour Income 38 026 74 596 lato 22 
Employment (Person- Years) es) 3.6 Sal 
Initial Expenditure 137 647 
Tax Revenue 
(dollars) 
Federal Provincial Local Total 
Personal Tax 13 270 6 245 0 19 515 
Indirect Business Tax 4921 7913 0 12 834 
Tariffs 2 894 0 0 2 894 
Corporate Profit Tax 3 982 1 961 0 5 944 
Property & Business Tax 0 0 6 850 6 850 © 
Total Taxes 25 068 16 119 6 850 48 037 
Imports 
(dollars) 
Imports from Other Provinces 33 567 
Imports from Outside Canada a2 47S 
Total Imports 66 041 
Energy 
Physical Units 
Coal 0.0 Kilotonnes 
Crude Oil 0.2 Megalitres 
Natural Gas 0.0 Gigalitres 
Electricity 0.1 Gigawatt-Hours 


Energy Units 


Coal 0.8 Terajoules 
Crude Oil 6.5 Terajoules 
Natural Gas 1.5 Terajoules 
Electricity 0.4 Terajoules 
Liq. Pet. Gases & Nuc. Steam 0.1 Terajoules 
Total Energy 9.2 Terajoules 


bi 


The creation of income and gross output (sales) needed to sustain municipal road construction 
gives rise to tax recoveries, indicating that the net cost to the provincial government of a municipal 
road project is significantly less than the initial cost. In this case a total of $16 119 is recovered by 
the provincial government from sales, income and corporate taxes. The federal government col- 
lects a larger amount, over $25 000, while local governments recover $6 850. Total tax recoveries 
add up to $48 037, about 35% of the original cost of the project. 


Economic impacts associated with this project are not restricted to Ontario; other provinces experi- 
ence an increase in demand for their products to the tune of $33 567. A slightly smaller amount 
flows outside Canada. Total imports associated with this project amount to $66 041. In other 
words, about 24% of the total sales generated by expenditures on 100 m of four-lane municipal 
road are obtained from outside Ontario. 


Finally, Table 4.1 shows primary energy consumption associated with the initial, indirect and 
induced effects of the project. The use of crude oil accounts for the largest portion of energy use, 
amounting to 71% of the total energy units. This reflects the fact that, in addition to the petroleum- 
based fuels used in construction and in the manufacture and delivery of intermediate goods, asphalt - 
and related materials are used on the road itself. In general transportation projects, especially those 
involving pavement, depend heavily on oil-based energy. This is evident for all of the SUPs; 
nevertheless the “oil intensity” of energy use is seen to vary across different types of projects. 


4.1.2/ Airports: Major Upgrade of a 3 500 ft Runway 


Table 4.2 shows the results of running SUP B2 in the Municipal Airports group, a financially 
larger project. A $2.1-million initial expenditure on upgrading a 3500 ft runway generates $3 
million of total income in Ontario, implying a multiplier of 1.44. Employment associated with the 
initial expenditure is 23.4 person-years and the employment multiplier in this case is 3.5. While 
the airport project creates more jobs because it involves a larger initial expenditure, it is similar to 
the above road project in its job creating potential. This is seen, for instance, by dividing the 
number of jobs into GDP for each project: on average, in the airport project 1 job is created for 
every $25 602 of new spending; in the municipal road project | job is created for every $26 990 of 


new spending. 


(dollars) 
Indirect & 
Initial Induced Total 
Gross Domestic Product 2 096 795 915 934 30123729 
Gross Sales 1 435 130 2 920 066 4 355 196 
Labour Income 587 469 1226424 1 813 894 
Employment (Person- Years) 23.4 58.5 81.9 
Initial Expenditure 2 096 795 
Tax Revenue 
(dollars) 
Federal Provincial Local Total 
Personal Tax 213 726 LOO S77, 0 314 303 
Indirect Business Tax 73 324 117 906 0) 191 230 
Tariffs 47 709 0 0 47 709 
Corporate Profit Tax 64 735 1 884 0 96 619 
Property & Business Tax 0 0 102 067 102 067 
Total Taxes 399 495 250 367 102 067 751 929 
Imports 
(dollars) 
Imports from Other Provinces 503 919 
Imports from Outside Canada 514 556 
Total Imports 1018 474 
Energy 
Physical Units 
Coal 0.4 Kilotonnes 
Crude Oil 2.0 Megalitres 
Natural Gas 0.5 Gigalitres 
Electricity 1.9 Gigawatt-Hours 


Table 4.2/ 


Municipal Airports: Major Upgrade of a 3 500 ft Runway 


2 Pie 


Provincial Impact 


Energy Units 


Coal 
Crude Oil 


Natural Gas 


Electricity 


6. 
Liq. Pet. Gases & Nuc. Steam 0. 
Z 


Total Energy 


Terajoules 
Terajoules 
Terajoules 
Terajoules 
Terajoules 
Terajoules 
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The government’s net cost is lower than the initial cost due to tax recoveries made by the three 
levels of government. More than 35% of the total cost of the project is recovered from indirect 
business taxes, personal taxes, corporate profit taxes, tariffs, and local property and business 
taxes. The federal government collects the largest portion, almost $400 000; the Ontario 
government collects about $250 000. 


Other provinces share to some extent in the generated economic gains. However, again foreign 


producers supply more of the imported inputs than the other Canadian provinces combined. 


Energy use in upgrading a runway is slightly more evenly spread than in municipal road construc- 
tion. Crude oil accounts for 64% of total energy use in this case, while it accounted for 71% in the 
preceding one. On average the road project uses more crude oil per dollar of construction cost than 
the airport project; crude oil consumed 1.45 litres/$ and 0.95 litres/$ of initial expenditure in the 
municipal road and airport examples respectively. 


4.1.3/ Provincial Highways: Reconstruction of a Two-Lane Paved Road 


Table 4.3 shows TRIM’s results for Provincial Highway SUP C3, the reconstruction of 1 km of a 
two-lane paved road. The initial expenditure of $297 000 produces total GDP of $422 000. The 
resulting multiplier of 1.42 is very close to the corresponding multiplier for the municipal road 
construction illustration (Table 4.1), 1.40. The two projects are also similar in terms of their 
employment creation: in the Municipal Road project it takes $26 990 of initial expenditure to gen- 
erate each person-year of work (based on the total employment of 5.1 person-years); in the 
Provincial Highway project the corresponding expenditure is slightly lower at $25 145. While one 
would expect road building to have similar impacts in both situations, it is interesting to see that 
expectation verified because the municipal road cost data and the highway cost data contained in 
TRIM were originally constructed in different ways. The municipal data (and data on all of the 
other non-highway projects) were collected by the TRIM research team; the highway data are 
adapted from MTO’s earlier MIES project. 


Labour income generated by this project is shown as $117 093 for the project itself and $136 213 
for the Indirect and Induced expenditures associated with the project. Using the Employment 
numbers in Table 4.3 to calculate labour income per worker, this works out to $24 913 per job for 
the Initial Expenditure and $19 186 per job for the Indirect and Induced Expenditure. The model 
indicates that work on highway building involves a higher average wage than that earned in pro- 
ducing the intermediate goods demanded for the project and in producing the consumer goods 


accounted for by induced expenditure. 
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Table 4.3/ Provincial Highways: Reconstruction — Paved, Two Lanes 


Provincial Impact 


(dollars) 
Indirect & 
Initial Induced 
Gross Domestic Product 296 714 1257545 
Gross Sales 159 043 380 490 
Labour Income 117 093 136 213 
Employment (Person- Years) 4.7 TES 
Initial Expenditure 
Tax Revenue 
(dollars) 
Federal Provincial Local 
Personal Tax 29 846 14 045 0 
Indirect Business Tax 10 196 16 395 0 
6 410 0 0 
Corporate Profit Tax 99299 4580 0 
Property & Business Tax 0 0 14 193 
Total Taxes SDL 35 020 14 193 
Imports 
(dollars) 
Imports from Other Provinces 791950 
Imports from Outside Canada 73 446 
Total Imports 153 396 
Energy 
Physical Units 
Coal 0.0 Kilotonnes 
Crude Oil 0.5 Megalitres 
Natural Gas 0.1 Géigalitres 
Electricity 0.2 Gigawatt-Hours 
Energy Units 
Coal 1.3. Terajoules 
Crude Oil 20.5 Terajoules 
Natural Gas 3.0 Terajoules 
Electricity 0.8 Terajoules 
Liq. Pet. Gases & Nuc. Steam 0.1 Terajoules 
Total Energy 25.8 Terajoules 


Total 


422 257 
p8955355 
253 306 

11.8 
296 714 


Total 


43 892 
26 591 

6 410 
13 879 
14 193 - 


104 965 
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Imports from outside the province for the highway reconstruction project amount to $153 396. 
This is 28.4% of Total Gross Sales, a somewhat larger percentage than for the municipal road 
project (24.1%). Total energy use on the project amounts to 25.8 J, with crude oil accounting for 
79% of the total in this case. 


4.1.4/ Municipal Transit: Municipal Transportation Centre 


The single SUP currently included in the Municipal Transit category involves a very large expen- 
diture ($18.4 million) relative to the above projects. (It could be broken down into sub-projects, 
but it is useful to have it in the TRIM database to illustrate that the program can handle large 
composite efforts.) Employment directly associated with building the Centre is 202 person-years, 
while 462 year-long jobs are associated with the indirect and induced production that results from 
the initial expenditure. Thus the total employment multiplier in this case is 3.29, with 1 person- 
year of work resulting from every $27 679 of initial expenditure on the Transportation Centre. 


An initial cost of $18 384 306 results in a total tax recovery of almost $6 942 948. The Provincial 
government recovers 34% of this, local governments 14%. Total Imports from outside Ontario - 
amount to $7.7 million, or 42% of the initial expenditure. This is considerably less than the 
municipal road project (48%) or the airport project (49%). 


The magnitude of the project shows up again in energy use, with total consumption equal to Jiay? 
tJ. Since this project does not involve road pavement, the proportion of total energy used from 
crude oil is lower, at 53%, than for projects discussed previously. 
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Table 4.4/ Municipal Transit: Municipal Transportation Centre 


Provincial Impact 


Energy Units 


Coal 

Crude Oil 

Natural Gas 

Electricity 

Liq. Pet. Gases & Nuc. Steam 
Total Energy 


Terajoules 
Terajoules 
Terajoules 
Terajoules 
Terajoules 
Terajoules 


Total 


2 529 754 
1 860 034 
378 703 
1 181 680 
92779 
6 942 950 


(dollars) 
Indirect & 
Initial Induced Total 
Gross Domestic Product 18 384 306 7 988 305 26 372 611 
Gross Sales 10 641 290 23 584 590 34 225 880 
Labour Income 5 060 566 9 539 053 14 599 619 
Employment (Person- Years) 201.8 462.3 664.2 
Initial Expenditure 18 384 306 
Tax Revenue 
(dollars) 
Federal Provincial Local 
1 720 233 809 521 0 
Indirect Business Tax Wlse203 1 146 831 0 
378 703 0 0 
Corporate Profit Tax JEM Tees 389 954 0 
Property & Business Tax 0 0 9925779 
3 603 864 2 346 307 992 779 
Imports 
(dollars) 
Imports from Other Provinces 3 842 287 
Imports from Outside Canada 3 862 440 
Total Imports a7 04727 
Energy 
Physical Units 
Coal 3.6 Kilotonnes 
Crude Oil 10.3 Megalitres 
Natural Gas 3.7 Gigalitres 
Electricity 14.2 Gigawatt-Hours 
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4.2/ Scale Adjustments 


Often TRIM users will want to know the values of economic impacts for a given type of project 
contained in the database but of a different physical size and/or for a given dollar amount of expen- 
diture. Both types of scaling can be done with TRIM, but the accuracy of the resuits depend on 
how the scaling is done. 


The model’s calculations are most accurate when the input data have been constructed specifically 
for the project size being considered. As an illustration consider scaling up SUP A4 of the 
Municipal Roads group (the reconstruction of a two-lane collector/arterial road) from the 100 m in 
the database to 1 km. If the costs of doing this type of construction were all of the variable type, 
multiplying every input cost by a factor of 10 would result in a project simulation as accurate as the 
original SUP. However, this is not the case; some of the costs of building a piece of road are fixed 
over a considerable range of lengths, some of them will vary proportionally over length, some of 
them will vary, but less than proportionally. For this reason the only way to obtain a fully accurate 
scaling, consistent with the assumptions of the model, is by going to the table of input costs for the 
project (in Appendix 3A), adjusting the costs on each “task line”, and changing the column totals. © 
These new totals would then be entered into the menu of costs by commodity group when the 
project is run through TRIM. 1!° 


An alternative is simply to set the Scaling Factor in the program to 10.0, instead of its default value 
of 1.0, when SUP A4 is chosen from the standard Municipal Roads menu. This has been done for 
the run shown in Table 4.5. It is as accurate as the unadjusted SUP if it is interpreted as 10 con- 
struction projects each 100 m long. It can also be viewed as a rough approximation of a specially 
costed project. The greater the difference in size between the scaled project and the standard unit 
project, the less accurate such an approximation is. Recall as well, as noted in Section 3.4, that 
projects scaled upward retain more accuracy than those scaled downward. 


In general, the presence of fixed costs in any project means that rescaling will introduce error. 
Providing estimates of the magnitude of error and/or building a more complex model that contains 
adjustment factors to account for the effects of fixed costs, are options to be considered, but were 


beyond the scope of the present project. 


10This could be done either by creating your own TRIM project or by taking the option to adjust input costs for 
Municipal Roads SUP 4 at the beginning of the project run. 


55g oho 


A second way of scaling a project is in terms of a specified dollar expenditure. Table 4.6 shows 
the impacts associated with spending $1 million on resurfacing two-lane provincial highways 
(SUP CS of the Provincial Highway projects). If this Option is chosen the program divides the 
total cost of the standard unit Project ($57 989) into $1 million and scales by the result Clie): 
Again, these results would be more accurate if they were to apply to 17 resurfacing sub-projects 
than if they are meant to apply to 1.72 km of continuous resurfacing. Table 4.6 shows that the $1 
million results in approximately 10 direct jobs and 30 in total. 
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Table 4.5/ Municipal Roads - Scaling Illustration: 
Two-Lane Collector/Arterial Road Reconstruction 


Provincial Impact 


(dollars) 
Indirect & 
Initial Induced Total 
Gross Domestic Product 956 449 402 636 1 359 085 
Gross Sales 631 898 1 274 246 1906 144 
Labour Income 281 683 518 289 799 972 
Employment (Person- Years) Liz pak) A 36.4 
Initial Expenditure 956 449 
Tax Revenue 
(dollars) 
Federal Provincial Local 
Personal Tax 94 259 44 357 0 
Indirect Business Tax 34 308 55 168 0 
Tariffs 20 660 0 0 
Corporate Profit Tax 28 107 13 844 0 
Property & Business Tax 0 0 47 757 
Total Taxes Wises 113 368 Alot 
Imports 
(dollars) 
Imports from Other Provinces 230 666 
Imports from Outside Canada 22007 Eb 
Total Imports 457 377 
Energy 
Physical Units 
Coal 0.2 Kilotonnes 
Crude Oil 1.0 Megalitres 
Natural Gas 0.2 Gigalitres 
Electricity 0.8 Gigawatt-Hours 


Energy Units 


Coal 

Crude Oil 
Natural Gas 
Electricity 


Liq. Pet. Gases & Nuc. Steam 


Total Energy 


Terajoules 
Terajoules 
Terajoules 
Terajoules 
Terajoules 
Terajoules 


Total 


138 615 
89 476 
20 660 


41 950 - 


47 757 
338 458 
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Table 4.6/ Provincial Highways — Dollar Scaling Illustration: 
Resurfacing, Two Lanes 


Provincial Impact 


Energy Units 


Coal 3.8 
Crude Oil 1304) 
Natural Gas 8.8 
Electricity 2:5 
Liq. Pet. Gases & Nuc. Steam 0.5 
Total Energy 146.3 


Terajoules 
Terajoules 
Terajoules 
Terajoules 
Terajoules 
Terajoules 


(dollars) 
Indirect & 
Initial Induced Total 
Gross Domestic Product 1 000 000 120 024 1 120 024 
Gross Sales 675 994 1040 914 1716 908 
Labour Income 255 990 384 462 640 451 
Employment (Person- Years) 10.2 19.9 30.1 
Initial Expenditure 1 000 000 
Tax Revenue 
(dollars) 
Federal Provincial Local Total 
75 463 Bo 12 110 975 
Indirect Business Tax 27 690 44 524 Tle 
16 892 0 16 892 
Corporate Profit Tax OF ily | Meheawits 40 533° 
Property & Business Tax 0 0 38 543 38 543 
147 201 93 412 38 543 219157 
Imports 
(dollars) 
Imports from Other Provinces 59262 
Imports from Outside Canada 261 994 
Total Imports 581 256 
Energy 
Physical Units 
Coal 0.1 Kilotonnes 
Crude Oil 3.4 Megalitres 
Natural Gas 0.2 Gigalitres 
Electricity 0.7 Gigawatt-Hours 
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4.3/ Program Analysis: Combinations of Projects 


TRIM is capable of assigning impact values to combinations of projects in a very efficient manner. 
After a SUP is selected from the menu provided by the program, the option of choosing an addi- 
tional one, before the calculations are done, is provided. The input costs for the collection of 
selected SUPs are then cumulated. Note that each SUP in a combination can be individually scaled 


as described above. 


The example chosen here is an airport development program, involving four projects: 

1) a minor upgrade of an existing 5000 ft runway (Airport SUP B9), 

2) an airport access road 200 m long (Airport SUP B10), 

3) atwo-lane municipal arterial road 2 km long (Municipal Road SUP A4 scaled up by a factor 
of 20), and 

4) ashort-span two-lane bridge over water (Municipal Road SUP A9). 


As shown in Table 4.7, the development program costs about $3.6 million, with a total GDP 
impact of about $5.1 million. It involves about 40 direct jobs and 136 in total. As a result of the 
program $1.3 million of tax revenue is collected. 


4.4/ Program Analysis: Ministry Budgets 


TRIM can be used in many different ways to analyse program budgets. Here only a simple 
illustration is provided. 


The Ontario Public Accounts report that the Ministry of Transportation spent over $540 million in 
its Provincial Highways program in 1985/86, with about $292 million allocated to Capital and 
Construction. 


(dollars) 
Indirect & 
Initial Induced Total 
Gross Domestic Product 3 595 370 1459 372 5 054 742 
Gross Sales 2 446 031 4 808 916 7 254 946 
Labour Income 997 396 1 990 104 2 987 499 
Employment (Person- Years) 39.8 95.8 135.5 
Initial Expenditure 3 595 370 
Tax Revenue 
(dollars) 
Federal Provincial Local Total 
Personal Tax 352 009 165 651 517 660 
Indirect Business Tax 128 017 BOS Soa 333 867 
Tariffs 77133 0 TRANG S| 
Corporate Profit Tax 106 001 appa) 152 bal 
Property & Business Tax 0 0 178 199 178 199 © 
Total Taxes 663 159 42 Sai bl 178 199 1 265 070 
Imports 
(dollars) 
Imports from Other Provinces 882 086 
Imports from Outside Canada 858 374 
Total Imports 1 740 460 
Energy 
Physical Units 
Coal 0.7 Kilotonnes 
Crude Oil 4.2 Megalitres 
Natural Gas 0.8 Gigalitres 
Electricity 3.2 Gigawatt-Hours 
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Provincial Impact 


Energy Units 


Coal 

Crude Oil 

Natural Gas 

Electricity 

Liq. Pet. Gases & Nuc. Steam 
Total Energy 


Table 4.7/ Airport Redevelopment Program: Multiple Projects 


Terajoules 
Terajoules 
Terajoules 
Terajoules 
Terajoules 
Terajoules 
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If the distribution of this total budget over projects were known and TRIM cost data were available 
for all of the project types,'' one could use the expenditure on each project as a scaling coefficient 
and the overall impacts of the Capital and Construction budget could be simulated. For example, if 
$1 million were to be allocated to a four-lane highway that costs $370 658/km (Provincial 
Highway SUP Cl), the $1-million figure is entered in response to the prompt for the scaling 
option and TRIM would automatically increase the size of the project by 2.7 (i.e. with the assumed 
budget 2.7 km of highway can be built). In this way, a combination of projects would be defined, 
with each project in the budget scaled by its expenditure. As a very simple illustration for this 
report, it was assumed that the Ministry spent equal proportions of its Highway Capital and 
Construction program on each of the 10 Provincial Highway SUPs in the present version of the 
TRIM database. 


The results of feeding the combination of SUPs so defined through TRIM are shown in Table 4.8. 
In this example one sees that the highway construction program can be associated with about $372 
million of initial, indirect and induced GDP, 10 068 person-years of work, and $94 million of tax 
recovery spread across all levels of government. 


Such an application of TRIM clearly has to be thought of differently from one referring to a small 
project. Input-output analysis is most accurate when applied to small increments of spending in a 
situation in which excess resource capacity is available. It is not appropriate to interpret the above 
figures as if they reflect accurately what a total increase of nearly $300 million in highway expen- 
diture would do in the Ontario economy. That would stretch the capacity of the highway construc- 
tion sector beyond what it could produce: bottlenecks would occur and input prices rise. In short, 
the input-output structure of the economy would change and the underlying data of the model 
would have to change accordingly. A sensible way to interpret Table 4.8 is simply as an illustra- 
tion of how rough orders of magnitude of the impacts associated with the Highways capital pro- 
gram can be obtained from the model. 


An alternative way to use the model to analyse program expenditures is to recognize that an average 
annual expenditure in the Highways program is a normal part of the Ontario economy. Thus it 
would be more appropriate to use the expected increase or decrease in the types of projects repre- 
sented in TRIM as the starting point for a program impact analysis. 


11Many projects in the budget could be simulated by SUPS in the current database. Adjusted SUPs and specially 
defined datafiles could be prepared for the remainder. The latter could, of course, involve a lot of effort. In the 
version of TRIM that will ultimately be used by Ministry staff there will presumably be enough SUPs defined to 
allow rough simulations of all projects without the preparation of special new datafiles. 
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Table 4.8/ Ministry Capital & Construction Program 1985/86: Provincial Highways 


Provincial Impact 


(millions of dollars) 
Indirect & 
Initial Induced Total 
Gross Domestic Product 2972 80 S12 
Gross Sales 192 356 548 
Labour Income 78 136 214 
Employment (Person- Years) 3 118.9 6 948.6 10 067.5 
Initial Expenditure Boz 
Tax Revenue 
(millions of dollars) 
Federal Provincial Local 
Personal Tax 25 12 0 
Indirect Business Tax 9 15 0 
Tariffs 6 0 0 
Corporate Profit Tax 9 5 0 
Property & Business Tax 0 0 12 
Total Taxes 50 ail 13 
Imports 
(millions of dollars) 
Imports from Other Provinces 80 
Imports from Outside Canada 73 
Total Imports 158 
Energy 
Physical Units 
Coal 55.9 Kilotonnes 
Crude Oil 583.3 Megalitres 
Natural Gas 59.1 Gigalitres 
Electricity 231.6 Gigawatt-Hours 
Energy Units 
Coal 1 670.7 Terajoules 
Crude Oil 22 459.1 Terajoules 
Natural Gas 3011.4 Terajoules 
Electricity 833.7 Terajoules 


Liq. Pet. Gases & Nuc. Steam 140.6 Terajoules 
Total Energy 28 115.5 Terajoules 
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5/ Concluding Comments 


This project has been concerned with the development of economic stimulation and energy indica- 
tors for the evaluation of capital investment initiatives in various transportation modes; it is a 
response to the Research Needs on that subject set out in the 1986/87 Ontario Joint Transportation 
and Communications Research Program. The Transport Impact Model described in this report 
provides a set of indicators, defined within the framework of input-output accounting, that will 
satisfy the Ministry’s requirements. Ministry staff will now be able to use TRIM to calculate the 
economic impacts of capital project expenditures in terms of numerous variables of interest to 


transportation decision-makers. 


Defined specifically for the Ontario economy, the major impact variables are Labour Income, 
Gross Domestic Product, Employment, Gross Sales, Tax Revenue, Imports from other provinces 
and abroad, and Primary Energy Consumed. Some of these variables are further separated into 
major components; for example, Tax Revenue is broken down into Federal, Provincial and Local 
components and into the revenues associated with different types of taxes. For each impact 
indicator, TRIM shows the initial effect of a capital expenditure and the indirect and induced effects. 
of it. 


In addition to providing estimates of the economic impacts of capital expenditures, the Transport 
Impact Model can be viewed as an aid to analysis and communication that, for various reasons, 
will enhance the Ministry’s planning process. It will, for instance, lead staff in various parts of the 
Ministry to communicate reports and opinions on project planning in a common framework and to 
focus on a common set of variables which are mutually understood. Furthermore, it is likely to 
help Ministry staff to develop consistent techniques of cost analysis. Our research team has 
collected a large amount of detailed engineering and cost data, organized it in a consistent manner 
and inserted it into TRIM as 35 standard unit projects. Users of the model who become familiar 
with this database will learn how to analyse project costs in a way that allows their secondary 
impacts to be calculated. 


While TRIM is a working model as it stands, in its present form it should be viewed as a starting 
point for the Ministry’s use of economic impact analysis. There is scope for much further devel- 
opment, both in terms of the model itself and in terms of how itis used in the Ministry. It is useful 
to close this report with a number of recommendations. After a period of extensive work on this 
project the McMaster research team is currently in a position to see clearly the potential returns 
from additional effort, both by the Ministry staff and by outside experts. 
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5.1/ Recommendations 


5.1.1/ Customizing and Using TRIM 


Because some users will be unfamiliar with the methodology used in TRIM, and in some cases 
unfamiliar with the use of interactive Programs, Ministry staff will have to undergo learning 
process. Furthermore, it is always possible to make a computer program more efficient and 
understandable after some experience with its use has been observed. TRIM is already a user- 
friendly program, but it could be made more so for users at the Ministry by developing it to take 
account of normal work practices and special needs so far unknown to the research team. Finally, 
there are some facilities that can easily be handled by TRIM that have not yet been built into it. 
(i.e. although users will see a prompt for the graphing of calculated impacts, it was not possible to 
build that facility into the program in the short time so far available.) For these reasons, the 
Ministry should consider Carrying out an implementation program for TRIM. 


5.1.2/ Maintaining TRIM 


To remain useful, an economic impact model should be re gularly updated. As noted in Appendix 

A, there is a considerable lag in the publication of input-output data by Statistics Canada. The 

| input-output structure of TRIM is based on the latest data available for the Province of Ontario, 
those which apply to 1979. The next update of the provincial input-output tables, which will apply 

| to 1984, is likely to appear in 1988 or 1989. When that happens, the Ministry should update 
TRIM to account for structural changes in the Ontario economy between 1979 and 1984. 


The parameters of the model also depend on the prices of goods and services. As inflation occurs, 

and as the prices of goods and services important in the construction of transportation facilities 
| change relative to each other and to other goods’ prices, the existing model will produce outdated 

calculations. The Ministry should update TRIM on a regular basis to account for price changes. 


5.1.3/ Improving TRIM 


As the reader of this report and the user of the model will realize, an input-output based computer 
program involves literally hundreds of decisions regarding the source and use of data and the 
| method of calculation. In the initial development of such a complex model it is inevitable that some 
aspects of its structure will involve arbitrary assumptions and/or assumptions necessarily made for 
BP atic reasons. After a period of use of the model it may be possible to improve it by adjusting 
some of these assumptions. After gaining experience with TRIM, the Ministry should consider a 
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comprehensive review of it with a view to customizing the underlying model to the Ministry’s 


specific needs. 


Ministry staff will soon discover what aspects of the model are most useful to them. In this regard 
it will be interesting to find whether users depend most often on the standard unit projects con- 
tained in the database, whether they very often make special adjustment to the SUPs, or whether 
they very often construct their own simulated projects. The set of 35 SUPs contained in TRIM is 
considerably more extensive than the one originally conceived when the project was being planned 
in consultation with Ministry personnel. There is, however, scope for expanding the number and 
variety of standard unit projects in the database. Our research team has developed considerable 
experience in gathering information for this purpose and we believe that the data so developed are 
of high quality. If users tend to depend on the standard unit projects contained in the database, the 
Ministry should consider expanding their number. 


At minimum we suggest that SUPs be added in those few areas in which the data: collection 
process was begun but could not be completed in time for this report. This is possible, for 
instance, in the case of Municipal Transit, where the Toronto Transit Commission is willing to aid ~ 
us in developing typical rapid transit projects. As noted in Chapter 3, it may also be desirable to 
develop additional SUPs in relation to the activities of GO Transit and to investigate more deeply 
the relation between the Provincial Highway data (put together by the Ministry in connection with 
the MIES project) and the rest of the data in the TRIM database. The Ministry should consider 
expanding the standard unit project database provided with the current present version of TRIM. If 
users tend to develop their own simulated typical projects, the Ministry should consider how to 
develop expertise within the Ministry in regard to data collection specifically appropriate for the 
Transport Impact Model. 


5.1.4/ Developing Related Applications 


In its present version TRIM focuses entirely on the secondary impacts of the Ministry’s expendi- 
ture programs. The Ministry is also interested in the development of indicators which capture the 
primary effects of transportation investment initiatives in Ontario: i.e. it wants to have indicators of 
the direct value to the people of Ontario of transportation services generated by the Ministry 
expenditures. Such indicators should be developed within an internally consistent framework, 
applicable across the various transportation modes. When they are developed it will be useful to 
integrate them into the framework used for secondary impact indicators. In fact, it may be possible 
to integrate primary impact calculations into the TRIM framework. Thus we recommend that the 
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Ministry consider linking its development of primary social impact indicators with its program of 


secondary impact assessment. 


Finally, the underlying framework of the Transport Impact Model, involving cost accounting, 
input-output analysis and matrix mathematics, is a very powerful tool in relation to a range of 
analytical questions. Calculations involving large amounts of cost data, price adjustments, esti- 
mating functions and numerous related matters can be efficiently done in this framework. This 
suggests that there may exist activities within the Ministry, other than the overall planning func- 
tions for which TRIM was conceived, that could be made more efficient with a special adaptation 
of the program underlying the present model. We recommend that the Ministry consider other 
areas in which the TRIM methodology may be used. 
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Appendix A/ The Transport Impact Model 


The calculation of impact indicators for capital expenditure projects in TRIM is based on the latest 
input-output table for Ontario available from Statistics Canada (1979). Statistics Canada will not 
release its next update of provincial tables, which will be for 1984, until sometime in 1988 or 
1989. The capital spending projects to be evaluated by TRIM occur in 1986/87 or later and the 
calculated impacts should refer to the same time period. To deal with this incompatibility between 
parameters in the model and the value units which measure the input data, all calculations of 


impacts are done in three stages. 

1) Purchased inputs are converted from 1986/87 values to 1979 values. 

2) All impacts are calculated in 1979 values. 

3) These calculated impacts are converted to 1986/87 values. 
Each of these three steps is described in turn. 
A.1/ Conversion of Inputs to 1979 Values 
This is the simplest part of the model. Each commodity input in 1987 values, F87,, is divided by a 
corresponding price index, PI87;, (with a 1979 base) in order to convert the input to a 1979 value, 
bo. 


(1) F79; = F87; + PI87; 


The labour income input, W87,, must also be converted to a 1979 value, W79,, by dividing by a 
wage index for construction (industry 21 in the input-output table), WI879). 


(2) W79¢ = W87¢ + WI8721 
Note that, here and elsewhere in the model where price adjustments are based on published indexes 


of price changes, a value for 1987 should be understood as one adjusted for price changes up to 
the end of 1986. 


RO = 


A.2/ Calculation of Impacts in 1979 Values 
A.2.1/ Model Description 


The impact calculations start with an account of the goods and services to be used in the project. 
The database of SUPs permits these calculations to be done efficiently. Tables in chapter 3 show 
the calculation of initial impacts for available SUPs. These inputs embody the initial economic 
impacts. Based on these initial effects, an input-output model of the Ontario economy is used to 
calculate the indirect and induced impacts. The following system of relations is the basis of the 
model. The terms industry and commodity are used as in Statistics Canada’s aggregated input- 
output tables. 


* Each industry’s output of a commodity is a linear function of gross domestic 
production of this commodity. 


* Each industry use of inputs, such as intermediate goods and services and primary 
inputs like labor, is a linear function of industry gross output. 


* Imports of a commodity are a linear function of the gross domestic production of each 
‘commodity. 


* Income received by labor is a linear function of the gross domestic outputs of the 
various industries, as well as of the total household consumption and the initial labor 


income. 
* Household consumption is a linear function of labor income. 


Although many additional details must be specified, this set of relations is the basis for the estima- 
tion of the indirect and induced effects based on the knowledge of initial impacts. It is augmented 
by tax structure relations to allow the calculation of tax revenue. In mathematical terms, the system 
is a set of simultaneous linear equations where the coefficients are defined from the above relations 
and the right hand side constants are the initial impacts. 
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A.2.2/ Statistics Canada Input-Output Data Tables 


The real process of production and consumption in an open complex economy cannot be described 
in minute detail. A certain level of aggregation is required before a forest can be seen behind the 
trees. Products which have similar consumption and production patterns are aggregated to a level 
of a single commodity (i.e. grains, non-metallic minerals, etc.). Aggregation should be a repre- 
sentation global enough to hide minute details of production and consumption and at the same time 
fine enough to represent different market structures. Individual production establishments are 
replaced by the industry. The industry as well should be a global enough representation of a pro- 
duction process to hide the minute details of production and at the same time present a picture in 
which the major production relations are preserved. Typical examples of the industry in the 
medium level of aggregation are agriculture, non-metallic mines and quarries etc. Consumers, 
with their individual tastes and desires are also aggregated to a single consumer with the average 


propensity to consume. 


Statistics Canada develops the Canadian National and Provincial input-output tables as a part of its 
System of National Accounts. Ontario input-output tables are available in a 43 commodity by 25 - 
industry format. Thus, the Ontario economy is modeled as an open economy in which a total of 43 
commodities are produced, used or imported by 25 industries, and consumed by households and 


government or are exported. 


The Statistics Canada input-output tables present national or provincial accounting data in a form of 
three rectangular matrices: a make matrix — V; a use matrix — U; and a final-demand matrix — F. 


The typical element of the make matrix, vjj, is the total production of commodity i by industry j in 
dollars. The make matrix has as many columns as there are commodities — 43, and as many rows 
as there are industries — 25. The selected level of aggregation is suitable for the evaluation of 
impacts of transportation expenditures. 


The typical element of the use matrix, uj}, represents the commodity i value used as an intermediate 
input by industry j. djUij is the total demand of commodity i by the Ontario economy for produc- 
tion of other goods and services, or intermediate demand. A set of additional rows of the use 
matrix reflects the demand for primary inputs such as: labour, estimated as labour income; net 
income of unincorporated business, and other operating surplus; noncompetitive imports; and 
indirect taxes. These additional rows of the use matrix are organized into a primary-input matrix 
Y. The typical element of Y, y,;, represents the value of primary-input k used in industry j. The 


Pa, be 


primary input and commodity entries describe all the inputs used for production purposes by each 
industry in the system. 


The final-demand matrix, F, with typical element fj,, defines the deliveries of commodities to the 
various Categories of final demand: consumption, investment, government expenditure, exports to 
other provinces, exports to the rest of the world, and imports from other provinces and the rest of 
the world. Primary-input rows of the final-demand matrix are grouped into a matrix, Yf, with 
typical elements, yf,,., which describe the use of each primary input by each final-demand 
Category. 


The organization of these matrices and the corresponding row and column totals are shown in 
Table Al. 


Table Al/ Input-Output Data Tables Structure 


My q1 


q2 


Primary Inputs 


f f 
weil Yat yi 
Yao yt %) 


Sy k= 


The row and column totals, q; in Table A1, represent the total value of domestic production of each 
commodity; the totals, 8} the value of gross domestic output (value of sales) of each industry; the 
yy, the total value of each primary input, and the f,, the total value of each final-demand category. 
The following accounting relationships are preserved when the input-output tables are compiled: 
Commodity Balances: 


(3) Ljuij + Lsfis = Gi a eee 


The value of intermediate plus final demand for each commodity equals the value of domestic 
production of the same commodity. 


Industry Output: 

(4) LiVji = gj dice: J kep?-epeecrmleel 
The sum of all the values of commodities produced equals the gross output of each industry. 
Commodity-Industry Composition: 

(5) di Vji = di i =)i, 2, @.,n 


The sum of the domestic production of commodity i by all industries equals the total domestic 
production of commodity 1. 


Input Structure by Industry: 

(6) Didi; Te DK kj = gj j = its Bey Anary 1001 
The sum of intermediate and primary inputs equals the value of gross output of each industry. 
This follows from the fact that other operating surplus is treated as a residual payment and included 
in the primary-input matrix Y. 


Primary Inputs by Type: 


(7) DiYkj + Delpe = yx PEE en. | Ge) 


oa = 


The sum of intermediate and final-demand uses of each primary input equals the total use. 
Final-Demand Input Structure: 
(8) Lili ate Dvir. = f, Sema be Daten et 


The sum of the values of the commodity inputs and primary inputs equals the total value of each 
final-demand category. 


In addition the following two identities can be derived from equations (1) to (6). 
Commodity-Industry Totals: 

(9) Ligi = BLjyji = LLivji = Djgi 
The total value of commodity production is equal to the total value of industry gross output. 
Final-Demand and Primary-Input Totals: 
Since di (Lug + Lefig) = Digi 
and dj(Ljuj + Leykj) = 258i 
the equality of commodity and industry totals implies: 

2d i(Vjuzj + Usfis) = Dji(Ljurj + Ley) 

(10) 2 Livi = VsDifis 
The sum of the value of all primary inputs over all industries is equal to the sum of the value of all 
commodities used in final demand. Adding primary inputs used in final demand to each side of the 
above equation we obtain: 


(11) Leynl = DLyig + LD yfks = LLfig + LLyfks = UsfsT 


The total value of all primary inputs equals the total value of all final demands. 
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A.2.3/ The Mathematical Structure of the Input-Output Model 


The input-output data system describes the structure of the Ontario economy as represented by total 
flows of goods and primary inputs over a given year. To develop a model of the Ontario 
economy, assumptions are made to fix the structural parameters of production and consumption. 
These parameters can be obtained from the input-output data and presented as the ratios of the 
various matrix elements to row or column totals. The set of structural assumptions made to 


develop the Transport Impact Model are described below. 

The Market-Share Matrix: 

The Fixed Market-Share assumes that any industry j has a fixed share of the market for commodity 
i. It can be formulated in terms of the input-output matrix elements as: the ratio of each element of 
the make matrix, vj, representing the value of commodity i produced by industry j, to a total value 
of commodity i produced in the Ontario, qj, is constant: 


(12) dij ii + qj; = constant 


Using accounting identity (4), the gross output of any industry can be calculated from the com- 
modity outputs, qj, as: 


(13) gj)= Lidji'ai pa GM, Son 
or in matrix form: 
(14) g'=Drq' 


where bold notation indicates a matrix or vector values the ' indicates transposition of the vector. 


Thus notation q represents row vector and q' is a column vector. 


The matrix D, market-share matrix, is one of the matrices of structural coefficients of Ontario 


economy. 


Thus, the fixed-market-share assumption implies that the production of the jth (multiproduct) 
industry is a weighted sum of the commodity outputs which it produces, where the weights are the 
coefficients dj. These weights sum to one across industries. 
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Since 8j = uF = 2d)"; j = i; 2s sane 108 implies 
(15) Ld idij =1 fori =s1 A 2 eni 
The Industry-Technology Matrix: 


The Fixed Proportion Production Function assumption introduces a production function of the 
fixed proportion type, known as a Leontief production function: 


(16) 827 min(uj; + bi) fOmi=3) 2 eee: andi" S24 om 


The use of Leontief production function means that the quantity of each commodity used in the 
production process of industry jis a fixed proportion of this industry’s gross output. 


The matrix B, the Industry-Technology Matrix, gives the value of commodity i needed to produce 
a unit of gross output in industry j. This matrix of coefficients can be defined as the ratio of each 
use matrix element uj; to the industry j gross output gj: 

(17) bij = Uij + 8; =e G2 0s Nia =el eee 
where bj; is the least amount of commodity i needed to produce one unit of Output of industry j. 
The total amount of each commodity used in production can be then calculated from the industry 
gross Outputs as: 

(18) uj = 2d jbi;"q; 
Or in matrix form, 

(19) U-l' = B-g' 


where 1' is a unit column-vector. 


If we let Fo; = X.Foi, represent the total final-demand use of each commodity manufactured in 
Ontario and arrange these in a final-demand vector, Fo, the commodity-balance identities (3) can be 


represented in matrix form: 


(20) q' = Brg’ + Fo’ 


20 = 


The commodity-balance model (20) together with the market-share model (14) form the core of the 
input-output model. These allow the commodity outputs and industry gross outputs to be calcu- 
lated from a given vector of final demand. Substituting (14) into (20) we have: 


(21) q'=B:D-q' + Fo' 
This matrix equation can then be solved for the commodity output vector q: 
(22) q'=(I-(B-D)]-!Fo' — where I is an identity matrix. 


The analogy between (22) and the familiar Leontief system q' = A:q' + f is immediately apparent. 
The matrix A would be equivalent to the matrix B if the D matrix was an identity matrix, implying 
that every industry produced only one commodity. In this respect the “square” Leontief frame- 
work is inadequate as changes in the matrix A may correspond either to a technological change in 
input proportions or to a shift in market shares. The “rectangular” framework separates these 
enrecis: 


By premultiplying (22) by the market-share matrix, D, we can solve for industry outputs. 
(23) g'=D-q' = D[I- B'D]"!Fo' 


An equivalent mathematical expression to (23) may be obtained directly by first premulti- 
plying the commodity-balance model (20) by the market-share matrix D: 


(24) g' =D-q' = D-B’g' + D-F9' 
and subsequently solving (23) for the industry gross output vector. 
(25) g' = [I - D-B]-!D-Fo' 


The production structure of the economy is modeled by (15) and (16) and the response of this 
structure to a change in final demand, for example consumption, can be calculated. However, 
more structural assumptions are necessary in order to completely model the economy. Parameters 
defining technology, the level of profit characteristic of the specific industry, the level of use of 
noncompetitive imports and the level of indirect taxes net of subsidies are assumed to be a fixed 


proportion of the industry gross output. 
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These assumptions link the primary inputs with the gross outputs of each industry. Five basic 
components define the elements of the primary-input matrices Y and Y¢. 


The Output-Income Relationship: 


Primary Input-Output Assumptions relate the incomes received in the economy to gross domestic 
production. 


In order to calculate the income associated with a given final-demand vector, further assumptions 
must be made concerning the primary-input matrices. Five basic components define the elements 
of the matrices Y and Yf. First, we have labour income, which includes the wage payments and 
benefits in each industry j, W;, and in each category of final-demand s, W,. Labour income is 
assumed to be a constant proportion of industry gross output. 


Second, we have net unincorporated business income in each industry j, Ej, and each final-demand 
category s, E,. Net unincorporated business income in each industry is also assumed to be a 


constant proportion of industry gross output. 


Third, we have other operating surplus for each industry j, OOS j» and each final-demand category 
s, OOS,;. Again, this element is assumed to be a constant Proportion of gross output in each 
industry. 

(28) OOS; = 00858; 


Fourth, we have indirect taxes less subsidies in each industry j, T;, and final-demand categories, 
Ts. This element is also assumed to be a constant proportion of gross output in each industry. 


(29) T; = U8) 


Fifth, we have non-competitive imports in each industry, MNC;, and final-demand category, 
MNC,. As above, this element is assumed to be a constant proportion of gross output in each 
industry. 
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These assumptions allow the calculation of primary inputs associated with a given final-demand 
vector. Once the vector of industry outputs, g, has been calculated it can be used to calculate the 
corresponding primary inputs. Thus labour income in industry, W, can be calculated from: 

(3) W= w'g' = dW j8j 
where w denotes a row vector of labour income coefficients, wj. 
The total labour income in the economy, Wy, is then given by: 

(32) Wr =W + Wr 
where Wg = &,W,g is the total labour income associated with final s demand. In a similar manner 
we can calculate total net unincorporated business income, UIC, and total other operating surplus, -- 
OOS: 


(33) vIE= e-g' ate UICg = Djej8j to UICg 


where UICg = X,UIC, is the total net unincorporated business income associated with final 


demand. 

(34) OOS = o0s'g' + OOSg = Yj00s;g; + OOSp 
where OOSr = OOS, is the total other operating surplus associated with final demand. 
The calculation of total 'taxes, T, is more complicated since it equals the sum of indirect taxes less 
subsidies on industry output and final demand, import duties on competitive imports, and direct 
taxes on wages, unincorporated business income and profits. 

(35) T=tg'+Tp + tm-me' + tax;(Wy + UICy) + dtg' where: 


* tis a row vector of indirect tax coefficients, tj 


* Tp = D<T, is the total indirect tax less subsidies associated with final demand, 
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* tm is a row vector of import tax coefficients, tm;; 

* mc’ is a column vector of competitive domestic imports of each commodity, MC;; 
* tax, 1s the average income tax rate; and 

* dt is a row vector of average corporate profit tax rates for each industry, dt. 


There are two types of imports in the model, competitive and non-competitive. Competitive 
imports, which make up the major portion, are imports for which there exist domestically produced - 
counterparts. Non-competitive imports have no corresponding domestic production. They include 
items such as coffee beans and tropical fruits. Competitive imports are assumed to be a constant 
fraction of total-industry and final-demand use (exclusive of imports) for each commodity. 


(36) MC; = m,[ Djbijg; ote Foi] 


where mj is the fraction of total domestic use of commodity i supplied by imports and Fp; is the 


final-demand use of commodity i exclusive of imports. In matrix form (36) becomes: 


(37) mc' = m[Bg' + Fo'] 
where m is a diagonal matrix of m, values. Non-competitive imports by industries are related to 
industry outputs and are added to non-competitive imports in final demand to calculate total non- 
competitive imports, MNC. 


(38) MNC = mnc’g' + MNCp 


where mnc = mnc; represents the fractions of non-competitive imports per unit of gross output in 
each industry j and MNCrg =  MNC,. 


Total imports are the sum of competitive and non-competitive imports. 


(39) M=I1-mc'+MNC 


=700'— 


Domestic Output and Imports 


The assumption that competitive imports are proportional to domestic commodity use as in (36) 
and (37) requires modification of the commodity balance model (20). Equation (20) states that: 


q' = Brg' + ft 


where the final-demand vector, f, includes negative entries for competitive imports. If we redefine 
final demand to exclude competitive imports and denote this new value Fo,, then: 


(40) f' =Fo'- me' 
and the commodity balance model can be rewritten as 
(41) q'=Brg'+ Fo'- me' 


Substituting the competitive import equation (37) eliminates competitive imports from the com- . 
modity balance model. 


(42) q' = Brg' + Fo' - m[Brg' + F9'] 
or q' = [I - m][Bg' + Fo'] 
Now use of the commodity-industry model allows calculation of commodity outputs and industry 
gross Outputs from final demand excluding competitive imports. Using the commodity-industry 
model 

(43) q'=[I- m][B°D-q' + F9'] which implies 

(44) q'=(I- [I- m]B:D]![1- m ]F' and 


(45) g' = D[I - [I- m]B-D]-![I - m]Fo' 


Alternatively, the vector of industry gross outputs can be calculated by premultiplying the com- 
modity-balance model by the make matnx. 
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(46) g'=D-q'=D[I-m ][B°g' + Fo'] which implies 
(47) g'=[(I- Dd- m)B]'Dd- mFy' 
Closing the Model: 


The equation systems in (44) and (45) solve only for initial and indirect domestic commodity and 
industry output. Final-demand components are treated as exogenous to the system. This treatment 
is not adequate because consumption can be expected to be linked to the level of labour income. 
Thus a final-demand vector which implies a larger labour income should also imply more con- 
Sumption. When the consumption is related to income, the solution of the system includes not 
only direct and indirect effects, but also income induced effects. Thus the model is completed by 
adding a relationship linking consumption, C, to income, N: 


(48) C=bN, 
where b is the average propensity to consume. 
Income is defined as the sum of labour income, W, and net income of unincorporated business, 
UIC. Thus, income is related to gross industry outputs by the vectors of primary-input 
coefficients w and e. 

(49) N= Li(w; SUE &)8j + (We ote E,)C ar Wr 


=[wt+el]g'+(w.+ e.)C + Wr 


where Wr is the sum of labour income associated with all final-demand components except con- 


sumption and competitive imports. 

The integration of consumption into the model is completed by assuming that the values of com- 
modities and primary inputs that enter into consumption expenditure are fixed proportions of the 
total value of consumption: 


(50) Cj =c¢;C jel ee or, in matrix form, 


Fote=0':C 
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where c; is the proportion of consumption used to purchase commodity i and c' is the column 
i prop p yi 


vector of c;'*s, and by assuming: 
(51) Wo =(we, + e,)C 


Where w, is the proportion of the total value of consumption spent on labour and €, is the propor- 


tion of the total value of consumption which generates net income of unincorporated business. 


The income concept defined in (49) does not include dividends, government and private transfers 
or income taxes and other direct taxes and may, therefore, not accurately represent personal dis- 
posable income. On the other hand, the inclusion of dividends, government transfers and direct 
taxes would require information on the distribution of dividends and other private transfers 
between Ontario, the other provinces and abroad. This information is not available. 


The inclusion of consumption within the System modifies its structure, which now assumes the 


following configuration: 


52) |_Pd-mB -Dd-mic'+b [tele D(I- m)f 
(32) -(w +c) 1 - (We + e,)b Nets mW aaa 


Calculation of Impacts: 


The province-wide impacts of MTO Programs are computed by replacin g the vector f in the equa- 
tion system (52) by the vector of commodity demands associated with a particular project or pro- 
gram expenditure, P, where P;, is the demand for commodity i associated with program r, and Wer 
by W,, the direct labour income associated with program r. The resulting values of q, g and N 
represent the changes associated with the project or program. 


Note that (52) assumes that a constant fraction of each construction input, Pi,, is supplied by 
competitive imports. For the projects considered in this report, however, it is more reasonable to 
assume that these commodity inputs are supplied by the Ontario economy. Thus, the terms [I - 
M]f are replaced by P in calculatin g the impacts of MTO projects. 


This calculation assumes that: 1) the marginal impacts are governed by the fixed proportion and 
fixed-market-share assumptions in the model described above, and by the average numerical values 
which are used to specify the input-output model; and 2) there are sufficient primary resources 
available to supply the additional demands without leading to primary-input price changes. 
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A.3/ Conversion of 1979 Outputs to 1987 Outputs 


As noted at the beginning of this chapter, the input-output table for Ontario that is currently avail- 
able reflects 1979 prices, Thus, based on the System so far described, the model calculates the 
1979 values of impacts of projects based On input values which have been deflated from 1987. 


of 1986. 


The basic data required for this adjustment are a set of industry selling price indexes, PG87; and 


industry wage indexes, WI87;, Which have 1979 as their base year. In addition, price indexes for 
non-competitive imports, PN CM87, and consumption, PC87, are required. 


Commodity price indexes can be calculated from the make matrix and the industry price indexes 
using the fixed-market-share assumption. This assumption implies that commodity price indexes 
are weighted averages of the Selling prices of the Supplying industries. 

(53) PQ87; = 2 jdjjPG87, = i 2: ccagy 101 


Industry gross Outputs are adjusted using the industry price indexes: 
(54) 887; = PG87 879; He 2" tm 

And commodity outputs are adjusted using the commodity price indexes: 
(55) q87; = PQ87\q79; T= 1ee 2 an 


The adjustment of labour income by industry is similarly straight forward, using the industry wage 
indexes: 


(56) N87; = WI87;N79; jets m 


Labour income in consumption is adjusted in a similar manner using the wage index for the per- 
sonal services industry. Noncompetitive imports in industry and in consumption are adjusted 
using a common price index for non-competitive imports, PMNC87: 
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(57) MNC87; = PMNC87°MNC79; a et Tae te 
(58) MNC87, = PMNC87°MNC79, 


Indirect taxes by industry and in consumption are calculated assuming that the 1979 indirect tax 
rates also apply in 1987. (This assumption can be modified to account for known changes to the 
tax system.) These rates are applied to 1987 values: 


(60) T87> =t.C87 


where consumption in 1987 values has been calculated by applying the price index for consump- 


tion. 
(61) C87 = PC87:C79 = PC87°b’-N79 


The only remaining element to adjust to 1987 values is other operating surplus. Following the 
practice used in calculating constant price input-output tables, these elements are found residually 


for each industry and for consumption. 


(62) OOS87; = g87) - L_-,PQ87ibjjg79j - MNC87j - T87j - N87j j=1,2,..,m and 


(63) OOS87, = C87 - E.-,PQ87; cib"N79 - MNC87, - T87c - N87c 


A.4/ Calculation of Energy Impacts 


The energy impacts of a capital spending project are expressed as the total amounts of use of pri- 
mary energy forms, expressed both in terms of physical quantities and energy units, associated 
with the direct, indirect and induced effects of the project. The primary energy sources reported 
are coal, crude oil, natural gas, hydro and nuclear generated electricity, and other primary energy 
(liquified petroleum gases and steam from nuclear electricity generation). 
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The energy use data for Ontario describes the use of both primary and secondary (coke, coke oven 
as, refined petroleum Products and thermal electricity) energy forms by industry, and the use of 
Primary energy forms to produce secondary energy forms. Thus both direct uses of primary 


sumption). 
(64) EP, = €pyj8j Ul 2. san Dyin) Bape 
1OMEPe =€DicU Uae 2a) 
(66) ES,; = C858) MET i Pe EES # Dog, ape, TH 
(G7)P ES. = CS yc8j Veal ad, ate 4 


to account for producer use. 
(68) ES, = ay(QiES,, TES, .) Vi=e lee A 


where ay is the ratio of 8TOSS Output to net output of Secondary energy form v. 


be proportional. 


(69) EP. ssi ivees) Sieh Yd 2a eVialy DANA 
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Finally, the total use of each primary energy form can be calculated by summing across direct and 
indirect uses and grossing-up to account for producer use. 


EP, = ay (LjJEP yj ti P eae) TED) 
= ay(LjePyj8j) + CPuc€ + Lyetyyay(Ljesyj8j) + eSycC 
= Lj(ayePyj + VvetuvaveSyj)8j + (AuePus + (Vyetuyayesyc)C 
where a,, is the ratio of gross output to net output of primary energy form u. 


Since industry and household uses of electricity are not separated into thermally generated 
(secondary) and hydro and nuclear generated (primary) forms, it was assumed that the proportions 
of each form of electricity used were the same for each user. 


€Paj + €Ps) = Pac + CPse = (LEP yj + EP4c) + (DiES5j + ES5c) ee eee 


We should also note that account was taken of non-energy uses of primary energy forms such as 
crude oil for asphalt and crude oil and natural gas for petrochemicals. 


A.5/ Model Data Sources 


The Ontario Input-Output data system for 1979 was obtained from the Input-Output section of 
Statistics Canada. This data set includes: the make matrix, V. the use matrix, including U and Y; 
and the final-demand matrix, including F and Y-F. These data were the basis for the calculation of 
all the parameters in the core input-output model represented by equation system (50). In addition, 
coefficients for indirect taxes, t, and tp, non-competitive imports, mj; and m,, and consumption, b, 
were based on the input-output data. The data were available on a 43 commodity and 25 industry 
basis. 


The adjustment of input data to 1979 values and output data to 1987 values requires price indexes 
for industry gross outputs, PG87;, and wage indexes by industry, W87;. These indexes, together 
with a price index for consumption, PC87, are also used to calculate impacts in 1987 values. The 
price indexes used for most industry gross outputs are industry selling price indexes taken from 
Industry Price Indexes, Statistics Canada (62-011), Table 1 (Table 2 in recent issues), Industry 


Selling Price Indexes. For industries not covered in this publication, other sources were used. 
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For agriculture, data for Ontario was taken from Index Numbers of Farm Prices for Agricultural 
Products, Statistics Canada (62-003). For forestry, the wood price index from Table 4, Raw 
Materials Price Index, in Industry Price Indexes was used. For mining, a weighted average of 
price indexes for ferrous metals, non-ferrous metals, non-metallic minerals, and coal, crude oil and 
natural gas, all from the same source (Raw Materials Price Index) was used. The weights were 
taken from the mining column of the Ontario market-share matrix. For fishing, the fresh fish price 
index from Industry Selling Prices, Table 1, was used to represent the industry selling price. 


The other manufacturing industry is a composite of several industries which could not be obtained 
separately because of confidentiality restrictions, in addition to the miscellaneous manufacturing 
industry. Industries included are tobacco, rubber, plastics, and leather products; clothing; and 
miscellaneous manufacturing. Industry selling prices for these industries were averaged together, 
using weights from the Ontario make matrix, in order to construct a price index for other manu- 
facturing. 


For construction, output price indexes of non-residential construction for Toronto were obtained 
from Construction Price Statistics, Statistics Canada (62-007), Table 7.1. For utilities, electric 
power selling price indexes for Ontario were taken from Industry Selling Prices, Table 3. For the 
trade and finance, and business and personal services industries, the implicit price deflator for 
services was taken from the Canadian Statistical Review, Statistics Canada (11-003), Table 1.8. 


The housing industry is a dummy industry whose only output is the inputted rent on owner- 
occupied housing. The price for this industry was taken to be the Toronto price index for owned 
accommodation, which includes mortgage interest and replacement costs, from The Consumer 
Price Index, Statistics Canada (62-001), Table 3. The price index for consumption was taken from 
the all-items index for Toronto from the same source. The price index for cocoa, coffee, tea and 
other food preparations from Industry Selling Prices, Table 4 (raw materials), is used as the price 
index for non-competitive imports. 


Wage indexes for manufacturing industries were based on estimated annual earnings by industry in 
Ontario reported in Employment, Earnings and Hours, Statistics Canada (72-002). For other 
industries the following sources were used. For agriculture, the index was based on farm net 
income reported in Ontario Statistics. For fishing, the index was based on average weekly wages 
in the fish products industry, taken from Employment, Earnings and Hours. For the trade and 
finance industry, wages from the trade and the real estate, finance and insurance industries were 
averaged together using labour income shares. 
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Calculation of direct taxes require data on direct taxes by industry and direct taxes paid by house- 
holds. The Provincial Economic Accounts, Statistics Canada (13-213), contain data on direct taxes 
paid by households and also by business in Ontario. The business data, however, is not broken 
down by industry. National tax data, from Corporation Taxation Statistics, Statistics Canada (61- 
208) give direct taxes broken down by industry but not by province. Initially, the industry totals 
from Corporation Taxation Statistics were allocated across provinces in proportion to other oper- 
ating surplus by province (taken from the input-output data for each province), creating an industry 
by province array. This procedure assumes that direct tax rates are the same across provinces for 
each industry. The provincial totals from this initial allocation do not, however, agree with the 
provincial totals from the Provincial Income and Expenditure Accounts. The initial array was 
subsequently adjusted by an RAS procedure until it was consistent with both the published indus- 
try and provincial totals. These data were then used to calculate direct taxes as a proportion of 
other operating surplus for each industry in Ontario. The above calculations were carried out using 
1979 data. 


The data on energy use in Ontario in 1979 which was used to calculate the energy-use coefficients 
was taken from the Quarterly Report On Energy Supply-Demand in Canada, 1979-IV, pp. 80-81, - 
Statistics Canada (57-003). 


The industry selling price indexes described above are used to calculate commodity price indexes. 
These commodity price indexes are appropriate for the broad aggregates in the input-output model 
but may not be representative of the particular commodities or labour used in Ministry programs. 
Thus, for the purpose of deflating project inputs to 1979 values, it is preferable to use a different 
set of commodity input price indexes. There are published sources for most highway construction 
inputs on a national basis, but only labour (in Construction Price Statistics), fuel, asphalt and redi- 
mix concrete (in Industry Price Indexes) are available for Ontario. To remedy this, input price data 
for Ontario were provided by the Ministry’s Estimating Office. Where the above sources did not 
provide adequate information, national indexes for construction inputs (from Industry Price 


Indexes) were used. The sources for these indexes are shown in the following table. 
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Table A2/ Sources for Construction Input Price Indexes 


Commodity Name 


Agricultural & Forestry Products 


Non-Metallic Minerals 
Rubber & Plastic Products 
Wood Products 

Primary Metal Products 


Metal Fabricated Products 

Machinery & Equipment 

Transportation Equipment 

Electrical Products 

Non-Metallic Mineral Products 

Petroleum and Coal Products 
a) Fuel . 


b) Asphalt 
Chemicals 


Transportation & Storage 


Insurance 
Business Services 
Personal & Other Services 


a) Construction Equipment Rental 


b) Repairs 
Operating, Office, Lab & Food 


Travel, Advertising & Promotion 


Labour Income 


Source 

Price Index for Logs & Bolts, Table 7: Industry 
Prices Indexes (IPI), Statistics Canada (62-011) 
Price Index for Crushed Stone, Table 4, IPI 
Price Index for Rubber Products, Table 3, IPI 
Price Index for Lumber & Timber, Table 2, IPI 
Price Index for Primary Metal Products, Table 3, 
IPI 

Price Index for Metal Fabricated Products, 

Table 3, IPI 


Price Index for Construction Machinery & 
Equipment, Table 2, IPI 


Price Index for Trucks, Domestic, Heavy, 
Table 2, IPI 


Price Index for Electric Wire & Cable, Table 2: 
IPI 


Average of Price Indexes for Concrete Products 
and Redi-Mix Concrete, Ontario, Table 2, IPI 


Price Index for Diesel Fuel, Ontario, Table 2, IPI 
Price Index for Asphalt, Ontario, Table 2, IPI 


Prices for calcium chloride, from Unit Price 
Files, MTO 


Index for Construction Equipment Rental 
(see below) 


Index for Services 


Index for Services 


Average of Price Indexes for Front End Loader, 
Grader, from Unit Price Files, MTO 


Index for services 
Index for services 
Index for services 


Average index for 16 construction trades, 
Hamilton from Table 2.2, Construction price 


Statistics, Statistics Canada (62-007) 
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Appendix B/ The Relationship Between TRIM and MIES 


The Micro-Economic Impact Evaluation System (MIES) is an earlier input-output based model that 
was designed to evaluate the impacts of the Provincial Highways spending program. The most 
recent version, MIES 3, was completed in 1982. Although MIES and TRIM both attempt to 
assess the economic impact of Capital projects, a number of differences distinguish the two 
systems. These differences may be grouped into four categories: differences in data describing 
Ministry projects; differences in input-output data; differences in the structures of the two models: 
and differences in the Outputs prepared by the two systems. An account of these differences is 
given below. 


B.1/ Differences in Project Input Data 


MIES 3 contained input data on 10 Provincial highway projects. TRIM uses these same ten pro- 
jects (SUP group C), but updates the input data to 1986/87 prices, thus taking account of the 
substantial changes in the relative prices of highway construction inputs which have occurred since 
1982. In addition, the TRIM inputs are expressed in terms of a physical project scale, such as 100 
metres of roadway, while the MIES 3 inputs were scaled to units of $1 million worth of expendi- 
tures. 


TRIM also includes input data on 25 additional projects (SUP groups A, B and D) drawn from 
other Ministry program areas, thus substantially broadening the project input data base. 


In addition, (in expert mode) TRIM allows users to enter their Own menus of expenditures or to 
modify, either by scaling or by changing individual items, the SUP menus. With scaling and ad- 
dition of the SUPs by the TRIM user, various combined expenditure programs can also be created. 
This flexibility in the creation of input data makes TRIM a versatile tool for the expert user. 


B.2/ Differences in Input-Output Data 


MIES 3 was based on the 1974 Canadian Interprovincial Input-Output Tables constructed by 
Statistics Canada. TRIM is based on the 1979 Ontario Input-Output Tables (also constructed by 
Statistics Canada). 
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MIES 3 used average provincial tax rates for both personal and corporate business income in order 
to calculate tax impacts. TRIM also uses average provincial tax rates for personal income, but uses 
industry specific average tax rates for corporate business income. 


MIES 3 calculates employment impacts by dividing labour income generated by the input-output 
model by average wage rates. TRIM uses employment coefficients based on Labour Force Survey 
data on employment by industry in Ontario in order to calculate employment impacts. 


B.3/ Differences in the Models 


Both MIES 3 and TRIM are closed input-output models which take account of consumer demand 
induced by income increases (the induced effects first referred to in Chapter 2) and of import leak- 
ages out of the Ontario economy. MIES 3 is based on the full interprovincial input-output system 
and, thus, takes account of feedbacks from other provinces. For example, if a capital spending 
project leads to demand for products from Alberta, the production and income generated in Alberta 
may lead to further demand for products from Ontario. At an early stage of this project, it was 

decided not to incorporate these feedbacks into the TRIM model. . 


MIES 3 takes inputs valued at current year prices (1982, for example) and multiplies these inputs 
by the coefficients implied by the 1974 input-output tables. The Outputs are then interpreted as if 
they were valued at current year (1982) prices. This procedure implicitly assumes that both the 
input-output structure of Ontario and the relative prices of all commodities and industries have not 
changed since 1974 (or that changes have been exactly offsetting). TRIM adjusts input values 
from the current year (the beginning of 1987, for example) to 1979 values using price indexes, 
calculates impacts in 1979 prices, and then adjusts these impacts to current year (1987) values. 
This procedure accounts for changes in relative prices, but still assumes a constant input-output 
structure. 


B.4/ Differences in Model Output 


MIES 3 and TRIM both provide private sector employment impacts for Ontario, broken down into 
initial, indirect and induced impacts. MIES 3 also presents employment impacts associated with 
the Ministry’s project supervision of the ten Provincial Highway projects. These impacts are not 
reported in TRIM. Because it is based on the interprovincial input-output system, MIES 3 also 
calculates employment impacts in other provinces. These impacts are not calculated by TRIM. 
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TRIM also reports Gross Domestic Product, gross sales and labour income; broken down into 


initial, indirect and induced impacts. 


Tax impacts are provided by both MIES 3 and TRIM. MIES 3 reports Ontario tax revenues, 
broken down into business and personal income taxes, and sales taxes. TRIM reports taxes col- 
lected at the federal, provincial (Ontario) and local levels; these are broken down into personal 
income tax, indirect business tax, tariffs, corporate profits tax, and local property and business 


taxes. 


MIES 3 and TRIM both report imports from outside Canada. TRIM calculates these foreign 
imports for Ontario only, while MIES 3 calculates them for Ontario and for other provinces. 
TRIM also reports Ontario’s imports from other provinces. 


TRIM calculates and reports uses of primary energy sources, in both physical and energy units, 
associated with each capital expenditure project. MIES 3 does not calculate these impacts. 


Each TRIM output which is measured in dollars (Gross Domestic Product, gross sales, labour |. 
income, taxes and imports) is expressed in terms of 1987 prices. If MIES 3 inputs are based on 
1987 prices the resulting outputs can also be interpreted as being in 1987 prices. 
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Appendix C/ TRIM: Standard Unit Projects 
— Quick Reference Guide 


(See Chapter 3 for full descriptions.) 


Municipal Road Projects 
Collector/Arterial Roads: 


SUP Al. Six-Lane 
SUP A2. Five-Lane 
SUP A3. Four-Lane 
SUP A4. Two-Lane 
* reconstruction of deteriorated roadway 
* roadway length: 100 m 
¢ lane width: 3.5 m 
* concrete curb & gutter 
¢ 1.5 m boulevard 
¢ 1.5 m sidewalk 


SUP A5. Two-Lane Rural Road 
* reconstruction 
¢ length: 100 m 
° lane width:3 m 
¢ 1 m shoulders 
* minor widening 
¢ full ditching 


SUP A6. Two-Lane Local Road 
* reconstruction 
¢ length: 100 m 
* road width: 8.5 m 
¢ standard curb and gutter 
¢ lawn & driveway restoration 


* no widening or sidewalk replacement 
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Municipal Bridges: 


SUP A7. Three-Span Rehabilitation 
* spans: 7.6 m, 18.3 m, 7.6 m 
* reinforced concrete T-beams 
¢ roadway width: 9.14 m 
¢ no sidewalks 


SUP A8. Short-Span Construction (Over Land) 
SUP AQ. Short-Span Construction (Over Water) 
¢ span: 17.5 m 
¢ roadway width: 8 m (two lanes) 
¢ 1.5 m sidewalk (one side only) 
¢ water footings on limestone bedrock 
* OHBDC ’83, Class C loading 


SUP A10. Medium-Span Construction (Over Land) 
SUP A11. Medium-Span Construction (Over Water) 
¢ 3 spans: 27 m, 30 m, 27 m 
* roadway width: 9.5 m (two lanes) 
¢ no sidewalk 
* precast girders 
* reinforced concrete deck 
¢ water footings short piles on bedrock 
* OHBDC ’83, Class C loading 


Airport Projects 


SUP B1. Major Runway Upgrade, 2 000 ft 
SUP B2. Major Runway Upgrade, 3 500 ft 
SUP B3. Major Runway Upgrade, 5 000 ft 

* rebuild runways & taxiways 

* runway width: 30 m 

¢ drainage 

¢ fencing & landscaping 

¢ lighting 

* navigational aids 

* meteorological equipment 


¢ refurbish terminal 
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¢ fuel tanks 


* connections to external power 


SUP B4. Navaid Upgrade, 2 000 ft 
SUP BS. Navaid Upgrade, 3 500 ft 
SUP B6. Navaid Upgrade, 5 000 ft 
* new wiring 
¢ lighting 
* visual & instrument landing systems 
* meteorological equipment 


* connections to external power 


SUP B7. Minor Runway Upgrade, 2 000 ft 
SUP B8. Minor Runway Upgrade, 3 500 ft 
SUP B9. Minor Runway Upgrade, 5 000 ft 

* widening 

* resurfacing 

¢ new subdrains 


* seeding & mulching of periphery 


SUP B10. Airport Access Road, 200 m 
SUP B11. Airport Access Road, 500 m 
¢ identical to SUP AS, except in length 


Provincial Highway Projects 


Data for SUPs C1-C10 were developed in the Ministry for the Micro-Economic Impact 
Evaluation System. For a description of their adaptation to the structure of TRIM see pp. 
26-29. 


SUP Cl. New Construction — Unpaved, Two Lanes 

SUP C2. New construction — Paved, Four Lanes 

SUP C3. Reconstruction — Paved, Two lanes 

SUP C4. Reconstruction — Paved (with rock), Two Lanes 

SUP CS. Resurfacing, Two Lanes 

SUP C6. Resurfacing, Recycled Hot Mix (less than four inches), Two Lanes 
SUP C7. Post-Tensioned Concrete Structure (cast in place) 

SUP C8. Bridge Deck — Latex-Modified Concrete Overlay 

SUP C9. Bridge Deck Repairs — Latex Patching, Asphalt Overlay 
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SUP C10. Major Widening (no structures) 
¢ SUPs C1-C6 and C10 refer to 1 km of highway 
¢ SUPs C7-C9 refer to 1 m? 


Provincial Transit Projects 


SUP D1. Suburban Parking Lot Construction, 200 spaces 
¢ 75 mm asphalt coating 
¢ full drainage 
* curbing 
¢ full Jumination 


SUP D2. Suburban Parking Lot Construction, 100 spaces 
¢ 50 mm asphalt coating 
* no curbs 
¢ drainage limited to ditching 


* minimal illumination 


Municipal Transit Project 


SUP El. Municipal Transportation Centre 
¢ administration building, 2 floors 2 540 m2 each, basement 630 m2 
* bus storage area, 150 buses 
* maintenance area, 10 550 m2 
¢ lunch rooms & clerical offices 
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